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FOREWORD

A literature survey onnTe Gyroscope and its Applications was compiled by Dr-lng. Helmut Sorg and published in December
V 1970 (AGARDIYReport-582). In a foreword to the report Professor C.T.Leondes stated that its purposes wsere to offer

enineers and sciez'tists alisting of books which were readily available, to broaden the knowiedge and to prevent a duplication
of research in the field of gyroscopes. Thbat most useful report is a comprehensive list of all the books which mnay be readily

conqulted, but it includes nothing from the patent literature nor anything from the vast storcof technical papers on the subject

that are to be found in the learned journals of the wsorld.

A complete survey of the whole subject is too large for any one man to tackle suecessfully.

In this new report, Mr Frank W.Cousins has wvorked for fourteen years% in the great libraries of London and has produced a

most scholarly wvork which makes ereat inroads into material. the wshole of which would take several lifetimes to exhaust.

HeI thus earries on the work that Dr Sorg initiated with AGARD and rciterates the belief of Professor Leondes. that it wvill

contribute to thebroadening of human knowledge in this difficult, but fascinating subject. The report is in biigrahclfr
which implies that it is a symbol of a constantly-growing organism in a wamy more closely allied with the subject than any text can
hope to be.

Erie R.Laithwaite
Emeritus Professor of Heavy Electrical Encineering

Imperial College. London
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PREFACE

The purpose of this report is to direct the student of the gyroscope and gyroseopic -hnmn ot a ineognirsuo
te'1 -. a literature that resides primarily in the patent literature of Great Britain and the United States of America*.
augmented by that which resides iii the technical journals of each of those nation3 and those of the U.S.S.R. I have tried to
review all of the British patent specifications. but I am well aware that there may Kz some lacunae-

I have not been able to extend my researches into a complete examination rf the patent specifications of the United States
-f America. but where I do record them. and provided they have a number Ige than No. 2' 15067 of c. 1947, then each US.
specifiLation %i it itself provide a review of the related prior art. Hence each U.S. sp ecifieation is itselfI a valuable reference to a
much deeper field of onquiy. It is the same with the learned journals of the World. each paper %vill carry a useful bihliograpbv
and again the 6 ed of enquiry is remarkal exeded thereby.

have seen all of the entries I have made and I have given the ntames4i rhe-loumals in futl to try to save the confusionthat
surrounds the present poor state of bibliography.

To produce this report has taken founeeen years of research. and I think I may be allowed to draw attention to that part that
deals inter alia wtith gyroscopic gears. Tf e subject has not previously -ippearcd in any text on gear design. and is to be found. as
far as I am awadre, solely in the patent literatutec- I offer it here, for the first time to a wider audience.

Frank W.Couins
Westminster. 1987.

Thme term is not too extravragant since The 1Britih Library in London hotds in excess of twenty two miltion patent specifications.

111h1e research has been prirnarity in British and American patent specifications and in conisequecec corresponding foreg aet.ra

exist. The reader is directed to study the prablem from Derwent Patent No. Faaity tintex 'shich began in CA974.

Vobjet du prdsent rapport est dorienter litudiant do g-yroscope et des phinomftnes gyroscopiques; vers -c,,Ie 'fertt
incognita" de la lirterature technique. Celle-ci se trouve prin ipalement dans ]a documentation conenant les brevets en.

Grade retgri CtauxEtas Uis* ctdantslos revuesetjoumaux techniques dc ehacune de ces nations ainsi quede I1RSS.

ie me suis impos~co-mme tache de passrer enrevetoutes les sp~iflcationse ebrevets britanniques. mais je soisconscient do
fait qu'il pourrait a' avoir des lacunecs.

Je n'a. pas &t6 en mesure d'iargirle domaine de mes recherche-, afin de, presenter one rev-ue exhaustive des spsecificat ions
de brevets des Etats-Unis mais Ia'ou jy fait rdf~rence - ct pourvu qouil lui sait attribu~e on numero, superieurau No 2415t67
do c. 947 - chaque sp~cifleation US foumira delle-mnme on aperva de litat dc Yart pr6-existanL. Chaque spilication U's
sern done de rdfr~rence, prEccuela o5ne activit6 de rocheriche plus approfondie. 11 en est dc m~mc pou r Ia litterature savante du
reste du monde. oit chaque communication comporte des i Wfrences bibliographiques; de -,aleur, qui serviront auss-i dearair le
champ des recherches de fagon considirable,

J'ai examin6 petaonnellement tons les documents inclus dans mon rapport Vt j'ai cit6 len noms des diffiresnesrea-uu, en
touten lettres, en csporant ainsi Esiter la confusion qui earaciesise Ia situation actucle m~diocre de Ia bibliographic dans cc
domaine.

Le pr~sent rapport reprecsente on travail do recherche dc, quatorze ans. et je pense qu'il me scrait permis de signaler Ia
partie qui traite interalia des engrenacen gyroscopiquen.

Cc sujet ne para-It nulle part ailleurs dans les textes concernant la conception des engrenages, et ht ma connaissance. 1 i 'et
trait6 quc dans Ia litterarure des brevets. Jc Ic propose, pour Ia pre-miftre fois, 61 on public plus large.

Frank W.Coosins
Westminster 1987

Le terme nWest pas trop fo, puistite la British Library de Londres contient ptus dte 1.2.0o0.0011 spaifications ste brevects.

"Nos reeherches ont pont prineipalemert sur les sp&cificationsdstebrevets brimanstiquesoe americains, ct par conssequeat. il se pet quid
eitc dos sp&cifications etraaeftres iqoivalentes. Nous attirons f'attent ion do 'Ceuer sur le Derwent Pa-tent No. F nity tndexqi datede

c.1974.
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3. PRECURSORS

3.1 Earth

3.1.1 Authors

d'Alembert I. H (1749)
Barnard J.G. ix (1857)
Bohncnberger J.CF. i (1817/18 19)
Born P. (1976)
Braunbek W.(1953)

* BrouwcrD.(1964)
Bulgakov BYV. (1969) trans. 1 9 6 0 p. 174

Encyclopedia Britannica 8 (1874) p. 529 (Macropaedia)

Fi3pp] A. ii (1904)Foucault J.B.L. 6 852Frik MA. (1971)
Grammel R. ii(1950)
Lamarie A.H.E. i ii (185i2)
Person C.C. (1G52)
Poisson S.D. (182 7)
Poritsky H. ii(196 1)
Quet JA. (1852)
Routh EJ. (1884)
Wiebelita R. (1955)
Woolard EXW (1953)
Worms H. (1862)
Wrigley W. et al (1969)
Ziegler H. ii (1962) p. 151

3.2 Planetary & Stellar Bodies

3.21 Authors

Born P. (1976)
Duda J.P. (1960)
ElliotJ. (1856)
Julian, W.H. (1987)
Kalitzin N. St. (1960)
Novoselov V.8. (1959)
Pickering WI-I. (1 905)
Pignedo!-. A. (1945)

3.3 Atomic and Molecular Structure

3.3.1 Authors

Abrrgani A. Saunders B.G. (1974)
Bloch F. (1946)
Bloch F. Hans-;n WAW. Packard M. (1946)
Bloch F. Siegert A. (1940)
Fliigge S. (1956) (1957) (1959) (196 1)
Diamond R.M. Stephens F.S. (1984)
Kirchner F. (1935)
Kruger F. von (1955)
Stirling G.C. (1978)
Warngsrcs R.K. Bloch F. (1953)

3. 3.2 U.K. Patent Specifications

1341865 1373066
1341866 1373067
1344084 1426236
1345848 2-027214
1360641



3.4 DjipterA and Strepsiptera

Fracakel G01939)
Ernenkel Q-;Pringlei.W.S. (1938)
Meredith PA.NV(1949)
Pflugstaedt H.(1912)
Pringle J.W.S. i-ii (1948) (1957)
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4. THE TOP

4.1 General

4.L.1 Authors

CampoelR.W.tl9S9)
Crabtree H. (1909)
Gould DAY. (1975)
Gray A. i (1904-1905)
Johnwon V.E. iii (19 11)
Pars LA. (106f5)
S- ~The7w~- '6 Feb 19 30 p. 15
Walker G.T. (1896)

4.2 Behaviour

4.2.1 Authors

Arkhangel'skaya M. Yui. (1981) (1982)
Beeckman L. (1604-1634)
Campbell R.WV. (1959)
Colwell R.C. Fullmer L. i (1938)
HugenholtzN.M. (1952)
Klein CF. (1897)
Markhashov Ul.. (1980)
Maxwell Clerk J1. (1857)
Morris1. (1950)
Motorina N.N. (1985)
Perry 1 (1890) (1919)
Resal Al.(1893)
Samsonov VA. (198 1)
Stamkart FJ.(1854)

4.3 Types

4.3.1 Auihors

Arriold VI1 (Lagrange's Top p. 148-153)
BraamsC..iii (1952)
Christy R.W. (1956)
Clerk-Maxwell J. (1857)
Cohe-n RI.(1977)
Colwell R-C. Fullmer L. ii iii (1935) (1936)
Dailey H.B. (1900)
Dresden D. (195 1)
G.M.H. ki892)
Gray .J.G. (Blondin Tops) (1934) p. 17
Gray .G. i p. 413 414 iv p. 228 Fig.4 (c. 1912)
Harcourt-Smith C. (1930)
H-arunlgxc A. (1952)
I.J.(.396)
McBain Iw. O'sullivan ,C.M. (1953)
NeherV.A. (1962)
Schuh R. (1953)
S)yPgcJ.L (1952)
Var, Kampen C.FA. (195 1)
Van.Rhin G. (195 1)

C'elts

Astapovis. (1980)
Bondi H. (1986)
Crabtree H. (1909)
Karapetian A.V. (198 1)
Lindberg R.E. & Longman R.W. (198 1)
Pascal M. (1983)
WalkerJ. (1979)
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4.3.2 G.B. Patent Sp~ecifications

No Entries

4.3.3 US. Patent Specifications

3783550
4200283

4.4 Serson's Gyroscopic Sextant and Improvements

4.4.1 Authors

Anon (1905)
Baule A. (1890)
BJ.(1754)
Fav6 L. (1904)
Fleuriais G.E. (c 1886-196C.
Grucy LU. iv 1888
Heinrich G. von i ii (c 195 1)
de Jonquiecres i ii (18M6)
Rooscnburg L. (1909)
ShortJ. (1751)
SwinburneJ. i ii (1915)

4.4.1 Authors

Anon (1905)
Boole A. (1890)
11..(1754)
FaviL (1904)
Fleuriais G.E. (c 1886.1900)
Gruey LU. iv 1889
Heinrich G. von i ii (c 195 1)
de lonquieres i ii(1886)
Rooscnburg L. (1909)
Short .. (175 1)
Swinburne J. iii (1915)

4.4.3 U.S. Patent Specifi cations

705702 1435580 1989826
791983 1666721 2470773
1192532 1857736 2871705
1310862 1984859

4.5 Mathematical Itnestigations into its Behaviour

4.5.1 Authors

Anon(1918)
Arnold V.1. (1978) (sleeping tops and fast tops p. 154A 59)
3arnard 1..ii (1857)
Beecknian 1. (1604-1634)
Braams C.M.(1952) iii
Chapman H.W. (1903)
Clifford W.1K. (c880)
Con-ensou P. (1962)
Dewar T.1. i ii (1896- 1b97)
Elflrnov V.S. (1974)
Finck M. (1850)
Fokker A.D. (1941) (1952)
Ford G.W. ct al (1977)
Gallop E.G. (1904)
Greenhill A.G. & Dewar T.I. i ii
H.T. (1837)
Hugen'toltz N.M. (1952)
Isaeva LS. (195',)



Jouffret M. (1874)
Kane T.R. Levinson DA.
Klein F. (1897)
Koenigs M. (1891)
MarkeevA.P. (1984)*
Resal Al-I. (1893)
Routh E.J. (1884)
SmimovaE.P. (1975)
Smith A. (1839)
Sobelev S.L. (1954)
Stefanini L. (1979)
Stewartson K. Ward G.N. (1959)~
Swinburn-i. (1915)
Vakhardia N.N. (1965)

4.6 The Top in Re~lation to Molecular Quantum Mechanics

4.6.1 Aut hors

Casimir H.B.G. (1931)
Epstein P.s. (1919)
Kronig R. and Rabi 1.1. (1927)
Kruger F. vonl (1916)
Laporte 0. (1933)
Planck M.' (1916)
Reiche F. and Rademacher H. (1926-1927)
Verbnilgge F. (1953)
Wang S.C. (1929)

4.7 Very High Speed Rotors

4.Z]1 Aut hors

Beams J.WV. (1930) (1933j (1947)
Colwell R.C. Hall N.I. (1935) (1936)
Girard P. Chukri Ch. (1933)
Herriot E.J.C. & Hugzuenard E.A. (192 7) (1925)
Pickets E.G. Beams JAYV. (1935)

4.7.2 UK. Patent Specifirat ion

250207

4.8 Tippe Top

4.8.1 Authors

Braams C.M. iii (195
Colwell R.C. FuLIfterL. (1938)
Deleampo A.R. (1955)%
Dresden D. (195 1)
Fokker A.D. (19527)

Hainxl..(1952)Hart J P.. (199)
Hugenholtz N.M. (1952)
Isaeva LS. (1959)
Jacobs JA. (1952)
O'Brien SJ. Synge LL (1954)
Parkyn D.G. (1956)
Pliskin WA. (1954)
SamsonovVA.(1981)
Schuh F. (1953)
SyngelJ.L (1952)
Van-Karapen C.F.A. (195 1)
Van-Rhtjn (1951)
Walker 3.(1981)

*(Extensive bibliograpy)
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4.82 G.B. Patent Specifications

653172
656540

4.83 U.S. Patent Specifications

1644182
2332507

2700246

4.8.4 Gernn.i Patent Specifications

811096
889574

4.9 To% s. Tops

4.9.1 Authors

No Entries

4..2 G.B. PatentSpecifications

1026-1854 15004 11214 963-1903
806-1858 6359-1887 16572 14329
2820-1861 12058 24143 17349
676-1862 16705 5082-1895 18222
754 7338-1888 11199 3697-1904
2643 11126 12181 17640
1129-1863 11733 12267 25293
i19-1866 11955 12286 6858
2765 14190 15609 28000
3308-1868 15194 15796 28602
322-1869 15717 16974-1905
150-1870 16787 19328 5860-1906
1933 17211 19675 9496
3155 18907 20651 16228
3077-1872 3025-1889 24001 21921
1229-1873 7018 1044-1896 25696
2832 14202 12265 4114-1907
204-1878 576-1890 12917 11915
3533 4385 19342 20102
2799-1879 4814 22904 20413
5031-1880 9629 1070-1897 25783
50-1881 1473 10426 10174-1908
200 6290-1891 25401 19146
4934 8686 9410-1898 25732
4748-1882 12090 10332 5109-1909
946-1883 13480 11923 7591
1287 13806 15814 8197
3324-1884 15717 16092 1322515 9 7 1 4 4 2 0 2 6 4 1 9 1 31 5 1 0

5135 2827-1892 22759 29144

5574453 2611-1899 11701-19101671 4920 14264 13321 
-1

T 6687 14770 17210
16432 6818 24211 18998
t752-1885 8139 24639 24409

9890 10491 25327 10572-191110471 13868 3028-1900'8749

10944 18997 5998 20686
12597 6329-1893 18966 2909213049 9283 7899-1901 3292-1912

14669 16246 8020 3511

3207-1886 1222 18490 18891
7717 21457 20170 22886

9978 8142-1894 6632-1902 23640

10941 8488 11261 5172-1913

12695 9096 17654 19583
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6404-1914 286625 545662 1008765
2746-1915 290596 586825 1015000
15289-1915 292899 588016 1047915
103381 295542 588285 1054476
106238 301791 590795 1082529
124653 316510 599359 1111799
132470 356875 610235 1123177
136741 371455 611947 1143706
140142 390512 634937 1150817
150621 401170 644103 1181333
155638 404772 653172 1228917
156856 411923 656540 1235153
160944 413525 656951 1240017
173096 416208 666803 1250360
179813 420086 670873 1255715
189941 420931 698082 1256545
190896 429563 702554 1262394
192019 442452 780571 1281045
194714 444352 806488 1310243
201657 447750 861674 1402126
223834 457390 870242 1432854
266208 472000 877184 1570304
284936 472387 943314
286577 545511 974588

4.9.3 US. Patent Specifications

76572 999247 1546451 2762162
78745 1011202 1567405 2794644
182696 1022236 1571901 2879066
346921 1098895 1575264 2945696
459832 1161552 1579341 3036836
465578 1188488 1587127 3137966
481830 1321589 1595611 3143347
514995 1351630 1610530 3287846
607552 1363718 1629326 3330067
645858 1374243 1687239 3370377
667794 1395261 1699984 3858348
680957 1435580 1780547 3863925
698286 1451818 2023297 3879887
755446 1452618 2039819 3906660
814962 1469151 2145608 3933356
884975 1475975 2311453 3936974
897137 1501276 2332507 3939601
918545 1529263 2493834 3945146
919349 1535502 2573916 3959917
925479 1545860 2583805
929669 2639921

4.9.4 Gennan Patent Specifications

112267 297867 448328 511362
117459 329819 452611 515587
130596 335286 452727 520594
144350 340701 453968 520595
175398 358677 459802 541532
176129 360879 459803 561477
180277 361938 463404 561942
205487 366075 466026 561970
217669 372556 466068 568743
219748 372701 468160 573009
229662 395136 469000 575524
232113 398148 469266 582363
323609 400607 472274 589369
234248 433944 470380 610354
234366 434907 475730 610443
257709 436105 485414 -12144
268813 441693 495927 613285
280768 443788 499501

1_



musical Tops

101681 596183 913276 1074460283126 1040434 932174 1084182
238236 1040435 941774 1094171
304516 1144635 1014006 1104411
309568 657112 1005881 1113403
345547 811096 1009079 1152048
382364 889574 1035549 1180291
591566 911715 1040952 1265634

Colour Tops

1911 83 358180
203784 390262
213915 416057
282340 485415
343911 594779

Water Top

461033

Pistol Firing a Top

30f'505
43394-3
437765
448180
551660
589170

Plural Tops

117072 1217250 1912512 2018444
227768 1265634 1931733 2020596
339390 DT1478328 1948509 2024435
382584 1603214 1949852 210568s391528 17031160 19570032143
400876 17278035 1962-020 0-2361232
435645 1816474 2011999 DF2532082
121332-3
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5. THE DISCOVERY OFTHE GYROSCOPE AN!) RELATED PHENOMENA

5.1 General

.1.1 Authors

Boguert E.W. it (1854)
Pearson 13.19-.4)

Poggendorfs Biographische - Literari'ches l-landwdrterbuch zur Gesehichte dcr exacten Wisvenschaftezt
1. A-L. Leipzig 1863

re. Frisi. Paolo (I 728-!1 784) p.8 0 6

re. Laiplace, Pierre Simon. Marquis de (1749- 1827) p. 1375

Wrigley W. Hollister W.NI. (pages 85-89 re chronologically oldest
Denhard W.G. (1969) gyroscopes and mathematical analySis)

5.2 Bohnenbyerger.I.G.F. i il(1765-1831)

5.21 Authors

Dailey! I.B. (I90l1)

Person CC (1 852)

Th1is contains a referencto Blnenbergcr apparatus drivcn by static elociti

.5.2? G. B Patent Sj'eciflcatiomc

28418 of 19 10

5.3 Lamarle A.H.E. (1806-1875)

.3. 1 .Authors

for Li fe of Lamarle see. 711LLY. J H. de (18S79)

5.4 Johnson WV.R. (183 1) (Rotoscope)

5.5 FoucaultJ.B.L (1819-1868)

.5. I A whrrs

Barnard X.. iii (1874)
Brtamnd J.L.F (1856)
Enianuelli P. (1929)
Fuchs A. and Katzxnayr R. (19 10) (see p 157 8)
Grucy Li iii (1878)
Guyor E. (1888)
Janne H. (1911)
Quct .JA. (! 851-)
Sire GA(1858)
Stoffacs M. (1884)
Villarceux Y. 18;5)
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6. THE EARLY GYROrSCOPE

6.1 General

6.2 Pliickers contribution Pliick%-ri. 1801-1868

6.3 Jacobi'scontribution Jacobi M.H. 1804-1874

6.4 Magnus contribution Magnus H G. 1802-1870

6.5 Fcsse's contribution Fessci F. 182 1-c. 1860

66 Kelvin's contriburion Kelvin Baron (William Thonison) -82-1907

6.7 Gilbert's contribution Gilbert L. 1832-1892

6.8 Sire's contribution Sire G.E. 1826-c. 1891

6.9 Grucys contribution GrutcyL.. 1837-c. 1888H

6.10 Trouv6*s contribution Trou.66 G. (c. 1890)

6.11 Hopkins'conitibution Hopkins G.M. (c. 1890)

6.12 Sperry's contribution Sperry EA. 1860-1930

6.13 Sonya Kowdle-sky's contribution -

c.1875

6.14 Eal atns (Before 1900)
Sal~ae

6.2 Plticker.1.

6.21 Authorzv

See. Poqgcndorff J.C. Handwviirterbuch. Leipzig. 1863 (M-Z)p475
See Encyclopaedia Britannica Micropacdia 8 (1974) p49
for obituary by CLEBSH. R.FA. See Abhendlunfger der K Geselischaft der Wissenschaftcn zu Giittingen 16 (187 1)
See. Isis. Intemationsi Review devoted to the HiSTory of Science 19 (1933) p 170

6.3 Jacobi M.H.

5.3.1 AuIhoa

Pavlov VA. iii Sec Fiqn B.S. re Jacobi icticrnary of Scientific Biography Scribner (1973) 7 p55

Taylor W.C(1841)

6.4 Magnus H.G.

6.4.1 Awhors

See. Poggendorif J.C Handwvrtcrbuch Leipzi(1863) M-Z p14
Sec- Kauffman 0.11. rm Magnus Dictionary of Scientific Biography Scribner (1974) 9 p 18

6.5 FcsselF(1821-?)

65.1 Authors

See Poggendorif J.C. Handwdrterbuch Leipzig (1863) A-L p.741
(1896.7) A-L p.440

Plucker J. (1853)
NNhcatstone C(185r4)

6.6 Lord Kelvin (Thomson W,)

661 Autihors

See Poggendarff J.C. Handwiibuch (1926) L-Z p. 12 54
(1940)S-Z p2655
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See Buchwald JJ. on Thomnson W. Scribinces Dictionary of Scientific Biogzraphv 13 (1976 ) p.3 74 -3 88

Gray A. ii(1915)
Thomson Wi 11 (1875)(1877)

6.7 Gilbert LP.

6.7.1 Awhors

See Poggendorff J.C. Hand%%birterbuch (1904) A-L p.498
Bltlgakov BN. v (1960) see p.77 (Ginbefs BaryPgyros-c)
Greenhill A.G. iii (1914) See p259

6.8 Sire G.E.

68.1 Authors

See Poggendorff J.C. Handwierbuch (i 897) M-Z p!1-52
(1904)M-Zpl400

Sire G.E. 1ii iii iv v (1826-189 1)

6.9 Gruey L.

6.9.1 Arglwurs

Gruev U. i ii iii iv v %i (1337-1888)

6.10 Trou%6G.

6.10.1 Aui-ors

Barra]G.(1891)
Durand-Grdville E.Chr-onique c.1890
U:Eiectricicn Rev-ueG~ndralcd*Electri-iht 14(1890) p8 4 4- 4

'Me Elctrical Engineer Sept 13 (18MO) p2 32  -4

F. (1890)
Tiou,.6 G. -1isi (189G)

6.11 Hopkins G.M.

DuraztE (1905r)
Hopkins G.M. (1890)
Peckham W.C. (19051

6.12 Sperry EA.

6.121 Aulhors

Sperry EA. -1 Riii iv v ivii iii ixxixii 1910-1913
HughzesT.P. (1971)
Huntakr J.C. (1955)

6.13 KosaleiskyS. (lS75r

6.131 Authors

See Kramer E.E. (1973)
ThborM (1984)
Polubanmsova-Kochina P. (1957)

*Aten'stwe spelling Kovaic-skaya



6.14 EarlyPatewust~efoDre 1900) 1879
1854 2799 Eckhtardt T.1854sdrfc 3795 Silver T.

1880
1855 5031 BjggJ.C.

= 917 Sm-th C.P.
= 1437 Bdflford A.EL

IS56~S W0%rizjeyT.
18h6 200 I uRV .1184 Smi lhea IX 4934 %VierM-..

1857 18833
2159 Bos%%Yrth JIA. 946 Lake W.R
2676 Garvey B. 1287 Kin-AA.

1858 184
806 Gorham 1. 5135 H-all Wi-I.

18616842 FalknerV.
1861 roma RA 8394 Pitt S.

2820 rooma RA.8597 Martin G.
186213671I Britain W,

1 7862auenF 15459 DobsonAJ.
676 othusc F.16432 Bishop -H.

754 Beaumont A.A. 16432 Parr E.754 Escalier iA.
2643 Hirsch H. 1885

2752%Witcie.J.1863 
99 csnI

3 1 e Wias%.E. 10471 %%WttuckWS.
3231 Winans.L 10944 Parr E.

3231WinasT.12597 Leech A-A.
13049 Cole G.

86) 119 BroornanR. 14669 Duncan NkiM.
2765 Abel CD. 1886

1869 3207 Halnrich E--
1 38868co FA 7717 SambrooK. JR.

3308 lanehn FA.9978 Stead 3I
1869 10941 Fischer G186912695 Pascal .3'22 Bate H. 13162 Packard E.3707 Bessemer H. 14208 To-a-r B.
1870 15004 Browert A.

150OBusscy G.G. 1887
553 Bessemer H. 6359 Luttdckc G.1559 Bessemer H. 12058 Cole G.'580 Bessemer H. 16705 Valda A.

17 42 Bessemer H.
1933 Bussev G.G.
315 elw-J. &F. 1888 12rfnFC

187-37338 Jewell F.1872 11126 Butlin W.C3077 Fenbyi.B. 117 33 Briggs O.P.
11955 Fischer G.1873 14190je1wdlF.1076 Bessemer H. 14190Cole G.

2832P~nLM.R.15717 ColecG.

1874 15717 Jw1 F.1874 16787 Bennuj.
3274 Bessemer H. 17211 Dickin= nH.Y.3552 Gray J.M.180Duf3

1878R
3533 Wier MA.
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1889 22296 Obry L.
1122 HuntE. 19824 Bradley P.13.
3025 Jones A.S. 24143 Erhard S.
4117 Packard E.
7018 Cole G. 1895

14202 Fischer 0. 5082 Lane J.
20220 Tower B. 11199 Murgatroyd W.

12181 Howard J.B.
1890 12267 lBarus C.

1031 Peichl i van 12286 Waters R.B.
576 Gill C.E. 15609 Bishop H R.

4385 Oakley F. 15796 Wier M.A.
4814 Auras G. 19328 Boyum J.
4814 Wilke P. 19675 Brockman L.
7407 Huntington F.A. 2065! Cyngcll C.E.
9629 Pilkington R. 24001 Avery WV.
9809 Like H.H. 24001 Venables J.

14713 Horn W.W.
19886 Maxim H.S. 1896

1044 Weir M.A.
1891 12265 Ilawkings W.H.

6290 Saunders T. 12917 Gregory E.
8686 Cairns S. 19342 Thompson W.P.
9437 Pekuhl J van 22904 Rayner E S.

12090 Brown J.L.
13480 Crosby G.G. 1897
13480 Knight H-. 1070 Lehmntn F.
13806 Quine RH. 10-126 Herbert A.G
18717 Andrewsi. 10426 Baker F.P.
20228 Noble P.C. 12169 Jones A.E

18036 Lusty F.
1892 25401 Haddan R.

2827 Lehmann E.P. 23683 Kaselowsky E.
4453 Gozzard A.
4920 Denc~de A.V. 1898
6687 Piikington R. 94 10 Faber A.C.
6818 Gray J. 10332 Croft J.P.
8139 lmray 0. 10332 Coomber G.

10491 HallIE. 11 923 Edwards E.
13868 Hall E. 15814 Risbrough E.W.
18997 Parsons J.F. 16092 Theiss WV.

16092 Nagel A.
1893 20666 Whitehead J.

6329 Green A.G. 22759 Collins I.
9283 Adam C. 25 737 Tower B.
8500 Atkinson E.H.

16246 Heinrich E. 1899
16246 Hoofer H. 2655 Thompson W.P.
19222 Humphries A. 3587 Overklift Jivan
1 8133 Justice P.M.- 14264 iBoult AJ.
21457 Shackleford J.H. 14770 Wallace J.
21457 Brown H.E. 24211 Oust~neFJ.

24211 Walshe B.T.
1894 24639 *Thomipson W.P.

8 142 Cave JA. 25327 Potect A.E.
8488 Clarke J. 25327 Lobb J.W.
9096 Coffin H.R-T.

1121' Thomson W.P.
16572 Barnes S. Note many of these early pater,,s are to various kinds of top.

Similar to Bohaenberger's originel device.

"Similar to Serson's famous gyroscope fsextant. See also GB. Patenf -ec6ication 3785 of 1907.
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7. THE FREE GYROSCOPE

7.1 The free Gyroscope
(Free motion of the Gyroscope)

711 Aut/tars

Okuner B.N. (1951)
Pel'por D.S. (1958)
ZhuravlevV.F. (1973)
Wrigley W Hollister W.M. Denard W.G. (1969) p.26 4 re Limited Frc'
Gyro.

71.2 See GB. Potent Specifications

581891
892453 page 2 lines 3-14
1213407
1284195
1399607

7.1.3 See US. Patent Specifications

2934960
3077785
3142183
3226984
3260122
3354726



8. GYROSCOPIC PENDULUM

8.1 Gyropie Pendulum
(Pendulous gyoscopic system~s)

&I Authors

Andreev V.D. i (1965)
Arnold R.N. &Maunder L. ii p3O6 (1961) p33 9 p129
Bocharov A.F. eta'l (1985)
Bodewvadt U.T. (1940)
Bulgakov MV.X. ii (1946)
Bulgakov B.V. iv v 1939/1960 Vpgces 11.21.47.88.2-00)
Chelnokov Yu. N. (1983)
Corset M (1973)
D.G.S, (1839)
Gray J.G. v 1934
GrueyLU. ii (1878)
GrueyL. v(1879)I
Firdlendcr G.O. and Koxiov M.S. (1961)
Ishlinskii A. 1u. L. iv. v. (1956, 1957. 1957.)
Ishlinskii A Yu etal (1985)
Karpachev. Yu. A & Korenevskii D.G. (1979)
Klimov D.M..iv (1964)
Kolmanovskii V.13. (1976) (sec example 2. p736)
Kondorskii ID. (1970)
Koshliakov V.N. viii (1975)V
Kukhlento Al (1971) p267
Kuznetsov V.M. ctal (1985)
Merritt E. (1897)
Savet P.R. (196 1)
'Schuler M. ii (1923) p84
*See U.K. Patent Specifications

108677
2 21120 0

See U.S. Patent Specifications

1480637
173SO58

TkacherU.!. (1949)
Trayner B.T. (1977)
Vol'fson 0.11. Rivkin S.S. TiI. A.V. (1973)
Wrigley W. et al (1969) (p 19-126) (p210-229)

8.12 G.. Patent Specifications

11864 of 1913 220726 615734 945302
23001 of 1913 229403 640562 1428908
8760 of 1915 275649 664515 2036311
113659 291047 7074.16 2056062
125090 382343 752828 2111202
126395 371235 808447
133067 398311 911842

Pentdlums damped by gyroscopic action

4131-1912 131979
2294-1913 243316
8760-1915 641360
10255-1915
105753



83.3 US. Parent Specifications

1480637 3011350
1651845 3162052
1735 58 3172213

1880994 3229376
1906719 4266431
1940387 4648284
2432430

See German Offenlegungssehirift 1941808
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9. THE DIRECIONAL GYROSCOPE

9.1

9.i.1 Authors

Firdlender G.O. and Kozlov M.S. (1963)
Gramjmel R. (1950) Vol 2 p 189
Lequoc S. vtal (1973)
Riethmiiller H. (1978)

9.1.2 G.B. Patent Specifications

411921 471895 518846 579991434364 475321 525698 599248
437791 477012 549572 601964
453238 479243 550769 790019
453259 479279 565246 1513770
463332 495431 568692
463396 507407 576524

9.1.3 U.S. PatentSpecifications

See. 3559493
1096253
2315216
3321980
2451230
4483207
4558604

Directional gyroscopes -
Erecting torques applied by ball, globuks and like solid and liquid masses
movtng under gravity,

645896 921562
802340 924744
808075 1297429
829169
831336

Directional gyroscopes -
Erecting tcrques applied by eddy currents

359071
740796

Directional gyroscopes -
Erecting torques applied by electric motora

595990 777021 997469 1278894
601656 802340 1019343 1297429
623356 808075 1030706 1484793
645896 829169 1058291 1491953
654658 921562 1095131 1497065
680944 924744 1111676 1513770
729672 935976 1126463 1579920
751018 964763 1225G74

Directianugp oscopes -
Erecting torque applied by magnetic effects

549572
566887
630657
713357
740796
1029012



Directional gyroscopes -

Erecting torques applied by unclassified means

1010343
1058780
1207660
1225074

Directional gyroscopes -
'Jnclassfiedfeatures of

29082-1912 422116 839024 1379642
129724 497584 862065 1428908
132839 499861 1055334 1486189
173541 559895 1083157 1513770
213791 582329 1111676 1579920
303245 654658 1278794 2002116
303817 681926 1330550 2107460
333874

Directional gyroscopes -
With means for re-setting gyroscope (other then scale only)

129724 471835 777021
419816 477012 886728
434364 479243 1111676
464263 497584 1456883
471217 521160
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10. GYRO VERTICAL GYRO HORIZON

10.1 Function and Basic Arrangement

10.1.1 Authors

Arnold RN. Maunder L. (1961) Chapter 12 P. 306-343
Bulgakov B.V. and Roitenberg Ya N. (1948)
Burdakov S F. (1971)
Firdlender 10. and Kozlov M.S. (1963)
Kliger LI. Parusnikov N-A. (1966) (see pages 122-125.210-229)
HectorF.(1968)
Monaco SJ. et al (1978) (note gyroless systems)
Pinelis R.G. (1970)
Rivin S.S. Tyumeneva GV. (1974)
Roitenberg E. Ya. ii (1946)
Wriney W. Hollister W.M.Denhard W.G. (1969)

10.2 Errors

10.21 Authors

Boichuk O.F. iii (1962)
Chelpanov I.B. ii (1962)

10.3 G.B. Patent Specifications dirccted to the gyro vertical in general

18133of1893 417185 555177 620149
4891 of 1914 421079 556264 621018
3318 of 1915 435353 558276 623078
13280of1915 435355 558684 623080
14032of1915 437861 565599 624408
108677 441130 570242 624564
123438 441439 573251 625288
127703 462826 573710 626634
128345 463332 573743 626635
129727 464193 575164 6293G0
130143 470311 575281 633941130697 473148 577209 633954
133714 474629 579822 636545
141477 486315 580248 637993
147062 492184 581750 639803
151154 492670 582301 640562
161595 492707 583068 640632
173839 501945 584147 641360
177772 5024o2 590682 643613
186655 504726 591400 643749
193397 512355 592500 645332
221006 517587 593963 648492
221200 522207 598470 651261
239043 525876 599607 655536
261117 528569 599665 655823
274268 530549 601447 656889
274980 534870 603427 660930
281694 535160 603711 660208
291047 537137 605058 664065
315966 538547 605955 666432
316380 542565 607349 666615
322098 542963 607353 668310
344239 545284 608782 671411
345127 545694 608851 675048
361836 546504 610554 675860
364625 548190 612507 678242
379134 548376 612608 678768
390410 549572 615734 682528
393695 551079 617055 683777
401039 551245 619939 686862
415277 552554 619945 698295
416813 553344 619960 701385

-i.. *
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707660 -63750 863457 1157966
712888 -772005 863458 1162305
716779 777021 871147 1162318
717349 776845 876865 1166692
720220 777698 878891 1172441
724428 777818* 882321* 1197253
726627 784473 911842* 1207336
726849 790019 917168 1231069
726890 790031 942060 1244549
729518 791556 944828 1247785
729946 798107 945302 1270567
731737 801550 960818 1284700
733024 805947 990701 1297429
734148 808447 990740 1301781
737236 821416 996283 1346558
740681 821417 1009506 1411201
741773 824101 1034135 1477603
741960 826418 1040004 1506180
745186 834724 1042940 1513770
747621 835650 1049794 1536316
751018 842901 1065624 1536344
751148 843446 1108293 2023817
752828 854506 1108614 2031149
753258 856685 1126463 2066952
75; 3 860171 1126611 2155632
760251* 863456 1134273

10.4 US. Patent Specifications directed to the gyro tertical in general

2378858 2595268 2999390 3604275
2411087 2786357 3077787 4158312
2492992 2893248 3272017 4197655
2505021 2919586 3285077 4088031
2515200 2945381 3466935 4297905

10.5 G.B. Patent Specifications directed to Erectors for the Gyro Vertical

130697 588537 660208 831336
132944 591626 661816 842089+

166800 591768 671861 844535+
441130 593733 678768 847964
441439 597282 682528 852591
490724 601444 686862 892050+
492670 601656 706494 896378
492707 602235 718124+ 911871
517587 603158 734148 919386+
538574 604224 737534 930317
555321 604734 755326 964763
559979 606595 756504 1042940
560478 611004 761521 1108614
564484 619945 794508+ 1126463
573061 619960 798336 1137523+
573743 620149 802340 1162318
573772 623356 808075 1243236
576524 633954 811036+ 1398905
580248 636123 814919 1398906
583902 649276 829169 1405275

10.6 G.B. Patent Specifications directed to Inclinometers

134234 246741 393695 471895
136168 309150 426185 473688
140482 309546 442911 475097
145460 341519 445586 485043
145465 351672 463114 485044
160316 392163 471093 487952

'(A teaching dissertation sith mathematics!)

I1
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489232 561018 655138 826804
499861 596666 666432 882795
510524 601971 670002 919386
511742 609475 726627 1111456
515176 610855 758733 1173564
532960+ 625415 769247
544786 -633942 777698
553730 641137 785399

10.7 G.B. Patent Specifications directed to Deviation Indicator Attitude Reference

411921 1224825
893313 1288290
1132851 1297429
1134273 1301781
1195487 1323864

10.8 G.B. Patent Specifications directed to Gro Verticals - erecting torques applied by air and other fluid jets

145460 511742 556262 602235
166906 512355 559979 606595
220726 517587 564484 607353
242093 522384 573061 611004
365188 547208 581891 661816
393354 549042 583902 733058
426185 549944 588537 1277680
483370 551073 591768 1283819
490724 555177 599607

10.9 G.B. Patent Specifications directed to Gyro Verticals erecting torques applied by auxiliary gyroscopes

581891
619960
656889
1204763

10.10 G.B. Patent Specifications directed to GyTo Verticals erecting torques applied by balls. globules, and like solid and
liquid masses movingundergradity

14032-1915 555321 620149 718124
125690 564484 623356 720200
130697 573743 633954 726849
132944 573772 645408 726890
161595 581981 649276 731737
166800 584147 655523 737534
173839 591020 657668 751403
401039 592500 657670 755326
441439 601444 660203 756504
532900 603158 661816 761521
534870 604224 675048 777818
535160 605455 675860 794508
542963 608851 683777 798336
545190 619945 698295 798485

10.11 G.E. Patent Specifications directed to Gyro Verticl - erectin torques applie byed cret10.1 B at~t~e~ica nd~rctdt TVeals-e ig ~qesp~ed by eddycurrents

402890 636123
441439 637993
492670 651261
552554 740796
624564 1580092

10.12 G.B. Patent Specifications directed to 4y3o Verticals erecting torques applied by electric motors

11864-1913 '558276 608851 619960
239043 583902 611030 623356
548190 593733 612608 637993
552554 597282 619945 639803
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640562 720220 808447 1126463

643749 726890 810440 1132851

645332 731737 811036 1137523
655823 732975 814919 1166692
656889 733058 842089 1204763

657668 740681 842901 1207336

657070 745186 844535 1224512
660208 751018 886305 1297429

661816 751403 892050 1398905
671260 753258 902489 1398906

675861 755326 935976 1405275

673242 756504 940790 1411201

682525 760251 942060 1484793

683777 761521 960818 1506180

686362 777021 964763 1513770

706494 777818 1010343

718124 798336 1051905

10.13 G.B. Patent Specifications directed to GyTo Verticals erecting torques applied by magnetic effects

309150 517587 601447 660208

345127 545694 602235 671861

378148 547208 605955 732975

464193 549944 612608 740796

468288 592500 615734 756504

501945 593733 619939 798107

510524 601444 654041

10.14 G.B. Patent Specifications directed to Gvro Verticals erecting torques applied by mas-cs controled by solenoids

173839
186655
584-147

645332
834724
1065624

10.15 G.B. Patent Specifications directed to Gyro Verticals; erecting torques applied by unclassified means

108677 211200 382343 847964

126395 261117 401039 856685

127703 274268 402890 871147

134234 282633 633942 1010343

141477 291047 645332 1204763

166800 309546 649704 1207336

173839 316380 734148

186655 379134 839024

10.16 G.B. Patent Specifications directed to Gyro Verticals erecting torques increased temporarily

51787 726849 761521 842089

597232 726890 798336 892050

623356 731737 814919

675048 751403 842089

675860 756504 814919

10.17 G.BPatent Spetfications directed to Gyr Vo rticals means compensating for or presenting acceleration effects

(e.g. during turning)

134234 364625 551079 615734

141477 393695 551245 619939

161595 492670 558086 619960

166800 501945 565599 624564

173839 512355 581891 637993

186655 525076 583902 639803

221006 528569 593963 640562

261117 530549 602235 655823

309150 538574 603955 656389

345127 548190 611004 678242
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683777 777818 871147 1162318
686862 792346 902489 1166692
698295 798485 911871 1297429
706494 808447 930317 1405275
720220 811036 942060 1484783
737534 812294 944828 1506180
755326 834724 960818 1513770
760251 842901 964763
769247 844535 1040004

10.18 G.B. Patent Specifications directed to Gyro Vertical unclassified

261106-1911 468672 718124 1018679
125791 522384 756504 1247735
127007 549042 8104J0 1277680
378148 553730 852591 1283869
382343 599665 902489 1323864
426185 643492 944823

10.19 G.B. Patent Specifications directed to rate of turn indicators

5821-1911 455514 636952 917452
11331-1911 457483 641360 918197
125096 471093 654041 918524
129307 471537 656518 924218
130095 475097 656889 924968
131992 476013 659659 926100
133714 476033 662834 926959
137060 485043 670983 928487
139771 488601 677306 931398
147271 439232 683777 932173
149100 407952 684667 933251
151154 508213 684668 935905
152008 510524 686862 939622
162304 511196 687135 945302
164396 515176 698031 945800
171513 58817 698032 955057
181164 521160 698033 960437
186159 523947 708969 964648
191676 526360 7129A 971984
196296 530222 716871 973122
196831 535270 729241 977873
213023 535966 740796 978029
217405 549105 753127 983658
218953 553650 767069 987921
246741 553730 772849 1015681
248583 554164 778689 1021801
292051 561018 784576 1023554
301278 562886 785399 1042940
331627 572201 792630 1054238
337295 572213 815556 1056557
340327 5?9909 839770 1056819
341519 582541 842775 1061769
351672 587631 845803 1074357
361836 587719 847278 1083157
371235 587897 854360 1085498
373832 591182 872777 1086539
382752 592645 874563 1095519
387366 599149 875754 1096831
389819 599412 878029 1097682
391111 603383 879683 1108391

392163 604208 886391 1121i17
4137i5 612571 889864 1146833
415277 616374 895064 1160039
422116 617108 898595 1163017 -
425890 618456 900138 1171719
428533 625869 911355 1173647

- 442991 627123 911913 1189631
445586 629462 '914128 1271728
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1310525 1508302
1330550 -1525116
1357020 -1540279
1410580 -1545774
1414297 2005411

10.20 G.B. Patent Specifications directed to Gyroscope apparatus kind or types - unclassified

8952-1912 331956 938957 1093550
24518-1912 435353 945387 1109615
5365-1913 565872 95358i 1109634
16099-1913 599826 983586 1129294
941-1914 622337 964446 1129295
114441 635192 964447 1144880
142261 636117 1008765 1160039
145459 637505 1016260 1160528
160868 757678 1023554 1203841

166906 805535 1034314 1260617
170864 826419 1051213 1388082
172029 826420 1073446 1535174
177772 885946 1078356 1538069
187490 885947 1078357 1570304
187985 900933 1078358
247633 904570 1093549

10.21 U.S. Patent Specifications directed to specific features of the G% ro Vertical

10.22 Gyroscope Control Erecting

1310862 2678564 2949786 3350947
1311768 2-699681 2969683 3359807
1380336 2-715709 2973651 3387482
1442-799 2716894 2988923 3466935
1736039 27A8233 2995039 3495465
1906719 2732-721 3051006 3533297

* 1931191 2740961 3056304 3575093
208761 20953157053 3576134
2-1612-41 282-1087 3190131 3614895
2190698 2823545 3193220 3633003
22-42-806 2828628 3203261 3640137
2297265 284!017 30793727467

2344126 2848898 32269863812

2411087 2875619 3242744 3931747
2418032 2878678 3252-340 3954024
2-425300 2879668 3258978 3985320

227130 2887783 3267745 4074580
242-7549 2897676 3276269 4283960
2463095 2906127 3285077 4383452
2592582 2-913907 3301074
2656727 2916919 3329028

16123 U.S. Patent Specifications directed to Gyroscope Control erecting by plural dizerse forces

2-380941 2-592092 3588001 4149618
241-7066 2676491 3638502 4346614
2-417081 2720116 4020491
'435581 2-916918 4061043
2567948 38184068533

10.24 US. Patent Specifications directed to 45yroscope Control erecting kviet

RE22003 1512222 1805854 1982637
1096254 1518892 1866706 1984859
1173241 1563934 1903710 1996895
1197134 1644921 1934774 2009263
1291695 1651845 1939825 2011738
13244821 1677331 1982635 2015650
14427199 1773411 1982636 2035538
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2036229 2311652 2504166 3492879
2044151 2314343 2514426 3498145
2044343 2315500 2602334 3498476
2086896 2323244 2609239 3499335
2091963 2324157 2628502 3503269
2091964 2326734 2635469 3511101
2093417 2327623 2708369 3516280
2099705 2340768 2772570 3525159
2126855 2344112 2780104 3531998
2129586 2344126 2916918 3597984
2133489 2348235 2923161 3606794
2133793 2363495 2937804 3610053
21-0191 2363500 2997886 3612443
2159099 2366543 3012440 3667301
2174777 2366707 3093004 3673875
218021 2368058 3139758 3677098
2183939 -2369131 3152486 3747418
2207717 2373120 3162053 3827361
2210916 2375764 3241378 3933096
2219243 2380932 3272019 4000660
2219295 2380941 3301069 4046316
2225568 2385342 3310987 4069990
2226191 2395251 3319475 4088031
2227529 2408044 3323376 4147066
2242233 2409188 3362233 4150579
2242806 2420674 3416378 4158312
2248141 2425300 3435688 4291849
2249744 2445388 343269 4297905
2257730 2446180 3451289 4527439
2292989 2486578 3457793 4553440
2293707 2492057 3465600

10.25 U.S. Patent Specifications directed to GyToscopeControl erecting by'weight

877034 2198551 2464516 2789436
114X721 2300548 2479304 2817239
1308692 2326784 2480263 2842968
1309637 2348604 2499238 2875854
1311768 2351619 2499391 2878679
1324478 2356749 2501885 2886972
1405807 268644 2504061 2895339
1442 99 2370904 2505686 916918f
1446280 2373120 2511273 2919586
1524709 2380941 2530154 2934 9 62
1559688 2384838 2534463 3094054
1586525 292370 2556097 3147628
152717 2408411 2572733 3157053

163-140 427130 2573426 3347104
1736039 2427158 2592643 335-263
1763806 234488 2603095 3358515
177312 2435090 2603767 3498146
180169 2438213 2620669 4275604
1801947 -439418 2625825 4294128
181i415 2441307 2697354 4346614
18667LC 2445384 2711652 4354394
1866 33 2446727 2720116 437-7-950
!9sm-3 N57150 2722839

'59H 2462541 2756598

10.26 US. Patent Specifications directed to Groscnpe Control erecting- fiction

i096251 2412481 2441157 87170
1308783 2417066 2457150 330-789
143 4 2422120 2485953 3469350 -

185-5 2422-67 2722126 3A245
2423270 2722127 355949323%&176 2428925 2734385 3703832-

"i 2 0603 -3558 2828629 -?_
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10.27 US. Patent Specifications firected to Gyroscope Control erecting by Magnetic Field

363184 =2409188 2695165 3458239
381604 2412204 2716345 3469458877034 ;-2417573 2731836 3490297

1136566 241E032 2756598 3498146
1310862 -2419063 2822694 3524356
1390471 -2441157 -2829557 3526145
1529720 °2449661 2846891 3678765
1571658 2450320 2856240 3741020
1589039 2466248 2900825 3154475
1736039 2468113 2908171 3845995
1985082 2473516 2912864 3858328
2109953 2486897 2916919 3988658
2126855 2488358 2933925 4008623
2167422 2492995 2951373 4036428
2175631 2509446 2951374 4093154
218 6 2510968 2951377 4167296
225032 2513329 3025708 41709042229645 2519459 3082628 4185797

2238645 2524512 3107540 4189948
2247142 2525108 3130591 4191346
2270876 2534824 3237055 4211452
2278379 2548918 3242745 4240302
2297265 3251233 4259871
2328744 2585693 3251340 42-852482339606 2598355 3273404

2600476 3276273 4290316
255439 2605641 3283594 4296639
2368644 2620669 3301072 4316394
2378858 2625678 3327541 4320669
2384761 2630016 3362232 4357837
2390532 2630017 3371332 4380108
2397949 2676491 3373617
240ff6845 2679366 3424523

10.28 U.S. Patent Specificion directed to Gyroscope Control erecting byMotorTorque
112137 429605 2625046 2875619

1228061 229612 '630ji5 2878445
1236993 2446180 2630017 2879671
1324128 'U682 2633029 2879672
1446348 2470773 2634391 2880617
1556620 2472824 2645942 2880618
1679354 '474549 2662411 2895339
1801329 24 74 667105 _Y0825
1840104 29614 '679366 90081
1921290 16912 65072 131942737 251 78 6 298i71

1917 52,84487 27,054 '911832
2"2O2 s 2531826 -7

40299 2911833
.v 2 2-42 2912766

"09092 2 429 263157 '92530
259019 2171979 -929250

2315167 2M3168 '80o0' 2936628

69482 4 6 2940318
367465 912 95 2947177

2 2-1476 2$24451 2948813
314 "85469- 9 2951373

2392 9 93 '18887 't3425 '9609 9
2386176 288934 235132 296895H47 -4
23918 7.!+ :1601 2969683

23949 2$%62 2419h9 2972893
2411337 260094 2946R90 9646

4096 4 -0721 NS46391 298_.6-

'24M59 2608099 254851 M0500 4
24 I F086 7 2-176 2998727+ 4161 20968 -A-30! 4 3IM09361 - :+

2'4142-91 6 9 21; 0' 3015,96

-4.



30

3020770 3238791V 3371542 3979090
30!8044 3238795 3415126 4063141
31,5i007 3258978 3431786 4161884
3017787 3267745 3438270 4197655
3079696 3276273 3456513 4255979
3082631 3279086 3534616 4267737
3160019 3301072 3604276 4281555
3161066 3301074 3657918 4283960
3167763 3318161 3702569 4292854
3293261 3327541 3703832 438345.
3225607 3354728 3705977 4395922
3234799 3368411 3763709

I

-i

________
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11. THE DIFFEREN HATING GYROSCOPE

(Gyroscopic spin-rate mecter to dcterziine angular velocity of rotation of a vehicle around any one of its main axes. In certain
aircraft differentiating gyroscopes are used inter olin in yawv, pitch and roll. On certain satellites, differentiations gyroscopes can
be used for damping oscillationswith respect to its centre of mass).

11.1 Introduction

11.1.1 Authors

Alexsandrov A.G. (1975)
Firdlender G.O. and Kodlov M.S. (1l9 6 l1)
Luetzkendorf R (1972)
Nikitin E.A. and Ilalashova A.A. (1969)

11.2 Gyroscopic Tachometers

11.21 Authors

Maksimov V.V. (1963)
Pavlovskii M.A. ct al (1976)

11.3 Gyro-accelerometers

11.3.1 Authors

CorsetMN. (1973)

11.3.2 G.B. Patent Specifi cation

1160039

11.33 U.S. PatctttSpeciJmtion

4651565

11.11 Vibratory G~roscopes

11.41 Au,: ,ors

Diamantides N.D. (1959)

Sorg H. ii (1968)

11.4.2 G B. Pqten t Specifications Generail

728501t1910 2i953 508213 625869
22188 of 1911 2148583 5 1119 6 627113
125096 2_71528 521 160 629462
129307 292351 5 O222 636952
130095 301278 5352 70 659659
131992 331627 535966 662834
137060 371235 544728 677306
139771 382782 .5550 708969
145459 387366 554164 7 12993
147271 388169 562886 716871
149100 391111 573061 722492
152008 392163 579909 739589
160523 405513 582541 743251
162304 413715 587631 -71,990
164396 44291 587719 751018
170864 445586 5987897 757
171513 455514 591182 767069
1&1164 457483 592645 772849
186159 471093 599412 778680 f
191-76 471537 A-04208 784576

19629 47507 610057b5399
196831 495043 612571 792630
213023 488601 616374 803722
217405 48-9232 617108 830915
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839770 932173 1061769 1189631
847278 933251 1074356 124286
865344 960437 1085498 1249128
874563 971984 1086539 1271728
876424 978029 1095519 1288118
879683 987921 1096831 1288449
886391 989101 1097682 1306792
889864 1021801 1102477 1310524
895064 1023554 1121117 1357020
898595 1029012 1121750 1410580
900138 1049794 1125931 1414297
911913 1054082 1125932 1508302
914128 1054238 1146833 1-25116
924968 1056557 1160039 2005411
926100 1056819 1172441

11.4.3 U.S. Patent Specifications rate of turn

2189375 2839931 3187587 3902374
2291612 2839932 3214980 3925642
2581965 2839933 3303706 4061043
2687647 2839934 3444744 4068533
2719291 2986941 3466934 4179087
2800024 3009360 3487701 4445375
2815667 3065641 3529477
2839930 3084559 3592066

11.4.4 Russian PatentSpecification

547693
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12. THE INTEGRATING GYROSCOPE

The integrating gyroscope is a gyroscopic angular velocity integrator. used to determine the angle of roiatiot, of an object by
integrating the component of its angular xelocitv around the ais of mseasurement for use inter alla in auto pilot and
navigational control systems.

12.1 Introduction

12.1. 1 Authors

Firdiender G.0. and Koziov M S. (1963)
Hacussermann NV (1962)
Nikitin EA. and Balashova.A-.A. (1969)
Wrigley W. (1963)

12.2 Rate-Integrating Gyroscope

1221 Auth'ors

Arutyuniov S.S. i ii iii (c. 1960)
Draper CS. et al (1956,1
Goodman L.E. and Robinson AJ3. (1957)
Hlorath W.K. (1959) Sec. French Patent. 1224158 corresponds to (3B. 911913 US. 30845 59
Koval V.A. and Andreichenko K.P. (1978)

12.3 Gyroscopic Integrator or Linear Accelerations

4 17. 3. 1 Authors

lBogatska 'a 1.0. et at (1973)
miitsin 1.1. (1967

Sinitsin 1.N. (1969)

12.4 Miniature Integrating Gyroscope

12.4.1 A.'hcrs

Durkee R.P. (1962)

12.4.2 G A. Pdtents.5pecijicitions

130095 662334 88F98 IV21801
269280 698173 9! 13* 1056557
299407 753449 924968 1109615
44' 51 76/069 9153911 1254395
414718 790637 953585
-'04753 3037/22 9535F6
559327 zi.54393 9Sl01,87

12. 43 US. Patent Specifications

2709922 2964956 S125607j
2752791 296894", 3339421
2819f~i3 30OC223 4005603i
29512 7 3084559 4087919

.954700l 3084560 *M461 175

*quivalent to French 1?:4 158(trnslated into English eafly, in OT1S US Ikeport 621 8'1 0)

-Me&
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13. TYPES OF MODERN GYROSCOPES AND THEIR CONSTRUCTION

13.1- Asymmetrical gyroscope

13.1.1 Authors

Anchov A. ii(1964)
Grmmel R. iii (1960)
Grioli G. iv (1963)
Klimov D.M. ii(1959)
Leipholz H. i(1963)
Leppert voan M. (1983)
Lukach I. and Smorodinskii Ya. A. (1974)
Magnus K. viii (1955)
Meitler E. (1973)
Sminmova E.P. i(1974)
Vlasov Yu. B. (1974)
Zhu ravlev V.rF. iii (1 976)

13.1.2 G.B. Patent Spe fications

No Entries

13.1.3 U.S. I"atent Specifications

2991659
3191445
3805625
4445375

13.2 Free Rotor Gyroscop,:s

13.2.1 Authors

Drew T.A. and Cariaghie J.A. (1968)
Savet P.H. ii (1963) (definition p.46)
Slater J.M. iii (1962)
ZedekarSL. (1968)

13.2.2 G.B. Patent Specifications

141139 1015153 1304571 1514228
471217 1066914 1305571 1514780
580680 1084280 1312294 1520139
722492 1150532 1356667 1522138*
937444 1160295 1364757 1589789
961285 1244519 1399607 1589790
973629 1284195 1514227

13.2.3 U.S. Patent Specifications

1589039 2785573 3081552 3557629
1972882 2841760 3115784 3673872
1986807 285776"7 3142183 3677097
2086897 2871703 3149276 3678764
2133809 2919583 3164022 3706231
2142018 2959060 3211011 3943778
2377175 3003356 3214981 3954024
2434251 3004683 3232120 4000660
2474072 3005117 3250135 4030371
2562690 3025708 3251233 4189948
2691306 3037170 3354726 4217787
2704401 3044309 3358514 4240301
2719291 3056303 3529477 429639
2729106 3077785 3537324

*(A rathematical dissertation on the subject).
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1324 French 1'atent Specifications

92635 1
1336096
2219702

13.2.5 European Patent Specifications

EP 0009347
0023958

13.3 One Degree of Freedom Gyroscopes

13.3.1 Auth~ors

Andersen J.1'. (1968)
Ausman J.S. Hi (1963)
Clark RN. (1974)
iosD.K. (1977)
KoningM.G. (1977)
Pitman G.R. and Goodson R.E. (1963)
Wrigley W. (1963)
Vasjlcv V.N. (1983)

13.3.2 G.B. Patent Specifi cations

722492 973,22 1172441 2064116
753127 980487 1189631 2135775
753449 1037756 1304571 2151783
772849 1068426 1306792
960437 1129294 1456883
971984 1129295 1557528

13.3.3 U.S. Patent Specifications

1940387 3104553 3362232 3974702
2809526 3131569 3496781 4627737
2855782 3142182 3570281 4633722
2986943 3247725 3608383
3060752 32,50134 3885443

13.4 Two Degree of Freedom Gyroscopes:

137.4.1 Authors

Austran I.S. ii (1963)
BamettD. (1964.65)
Briggs RAY. (1965)

Cockini 1. (1963) (page 36)
Gubbins H.L. and Barkecl DJ. (1974)
Kargu L.1. Yablonskaya V.A. (1976)
Read R.S. (1963)
Savet P.11. (1961) (1963)
Willems P.Y. (1974)
Zhou-Heng (1979)

13.4.2 G.B. Patent Specifications

684668 1084456 1160039 1436941
722492 1089070 1201828 1506180
885303 1103490 1239176 2012998
836728 1103495 1269054 2151783
925219 1104525 1283118
950694 1141385 1289GvO0
1083157 1155545 13045714
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134.3 U.S. Paent Specifications
1192532 3115784 3263507 34890181639233 3131569 3263508 39023742098564 3165282 32677472677194 3182514 3323375 42124432742299 3186241 3354726 44983402872821 3187588 3362231 432066952959 3214981 3408874 42559792995938 3225609 3416378 43617603065641 3247726 3438269
3077785 3257854 3483760
13.4.4 European Patent Specification$

EP.0122745

13.5 Low Wander Gyroscope

13.5.1 Authors

Wrigley W. et al (1969) se p 267 Re. Lord Bowdoij's low wander ,yroscope

135.2 GB. Patent Specifications

No Entries

135.3 U.S. Patent Specification

3765250

13.6 Floated Gyroscopes

1.6.1 Authors

Anon (1971)
Bamaby R.E. et al ii (1961)
Chizhikov V. Yu et al (1974)
Cochin I. (1963) See p 44
Coldwell T et al (1964-1965)
Cuny B. (1965)
Daw HA. (1965)
Palk R.A. and Muller F. yon (1960)
Gorodetskii O.M. (1977)
Johnston W.D. and Toda N.F. (1960)
Lewellen W.S. (1966)
Osband S. (1962)
Savet P.R.: 1961 see p 282
Sloniianskii GA. and Pryadilov Yu. N (1958)
Swanson C.O. (1962)
Wrigley W. et al (1969) See p 257. 262
Vechtomov V.M. (1972)

13.62 G.. Patent Specificatiom

722492 852562 926959 1084456740349 856374 941317 1117848740350 867867 958988 1167286753449 867868 971984 1244519772432 878028 9907010 1456883802776 878939 992535 1545116815556 885303 1025325 1554205840395 886391 1037756845808 889358 1056557847278 911913 1083157

*9 a hematicaldi ,enation
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13.63 UiS. Parent Specification 
_

79465' 2854850 3104553 32501341180815 2856776 3126747 33233741480637 2857767 3127776 335341315018R6 2859626 3132523 33965871589039 2865206 3164022 34015672307590 2896455 3214982 34026102393473 2898765 3225607 35261442613538 2900822 3230778 35702812618159 2928281 3232120 3657931
2625045 2928282 3237458 3722297
2644727 2964950 3238792 38854432649808 2986941 3240074 38868032729107 2995937 3240076 39747022785573 3020768 3242742 44480862817974 3084559 3262324

13.6.4 French Patent Specification

1224158

13.7 Gas Bearing G.roscopes

13.Z Authors

Anon (1971)
Beardmore G. (1985)

13.Z2 G.B. Patent Specflcations

937444
986485
1017590
1084280
1150134
1197646

13. 7.3 US. Patent Specifications

1544443 2670146
2086896 2683635
2582788 2696410
2597371 3048043
2627443 3807239

13.8 Electrostatic G)Toscopes

13.8.1 Authors

Andrws A. (1973)
Bclitskii A and Martynenko Yu. G. (1977)
Cochin 1. (1963) See p 52
Gubarenko SJ. and Marlynenko Yu. G. (1982)
Knoebel H.W. (1964)
Koretskii A:. Maertvnnko Yu. G. (1983)
Koval S.T.c! al. (1972)
Kudin S.F. and Mart"nenko Yu. G. (1985)
Marnvnnko Yu. G. (1970)
Martncnko Yu. G. and Medvedev AV. (1985)
Medvedev A V. (1985)
Nordsieck A. (1962)
Slater JI.M. iii (1962)
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13.8.2 G.B. Patent Specifications

992535 1314304 1525116
1013275 -1324458 2166867
1051022 -1343690 2175692
1181704 1362149
1273522 1368037

13.8.3 U.S. Parent Speifications

2552050 3262325 3482455 3965753
3003356 3262326 3495465 4061043
3024364 3262327 3496780 4068533
3098676 3274666 3847026 4074580*
3098679 3295379 3902374 4587860
3148456 3379070 3906804 4654582
3198021 3451274 3954024

13.8.4 European Patent Specifications

EP.0 121483
EP.0128066
EP.0174408

13.9 Magnetically supported Gyroscopes (Magnetic Gyro, Electromagnetic Gyro)

13.9.1 Authols

Arrighi G. (1947)
Cochin 1. (: 963) see p 56-66
Crova A. (1882)
Martynenko Yu. G. (1973)
Miller LW. (1976)
Musatov K.A. Rudenko V.M. Filatov V.V. (1986)
Parente R.B. (1969)
Sidy'akov D.F. (1975)
Unnan Yu. M. (1 984)

13.9.2 G.R. Paterr Specification

1167286

13.9.3 U.S. Parent Specifiratons

1864801 2809526 3316032 4114452
2377175 2822694 3344676 4355541
2436939 2919583 3475975 4643034
2562690 3146038 3473852 4651565
2691306 3112962 3565495
2695165 3196694 3777255
2733857 3225608 4114451

13.9.4 German Parm Specifications

2751040
2755318

13.9.5 RTh nian Parent Specfication

439879

13.10 Torsion supported Gy.Toscopes

13.10.1 Authors

WVriley W.ctal (969)seep 266

*F.mensive earlier art cite
Eiscs' rndc

I,

IJ
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13110.2 G.8. Patent Specification

1160039

13.10.3 U.S Patent Specifications

Re issue 24880
2919585
3009360
3430276
4259871

13.11 Rcve ring Gyroscopes

13.111 Authors

No Entries

13.112 G.B. Patent Specifications

No Entries

1511.3 US. Patent Specification

3078727

13.12 Bootstrap G)oscope

* Defined as any type the drift of which decreases nearly to zero if the main frame thereof is maintained in nearly perfect

aligament with the rotor axis.

13.1-21 Authors

No Entries

13.122 G.B. Patent Specifications

884061
1017590

1 .123 U.S. Patent Specification

2940318

13.13 Dmamicall" Tuned (free rotor) G)TOScopes

13.13.1 Awhors

Beardmore 0. (1985)
Bennett G.S. (1947)
Bonfield D.G. (1977)
Crmig RJ.G.(1972)
Dewar DLM. Cooke D.D. (1976)
EbentW. (1976)
Haberland It (1977)
Hor. E.W. et al (1964)

13.13.2 G.B. Parent Specifications

599826 1142848 1311430 216347 1
1058780 1274599 1514781 2081522

107356 1315432 152213h 2083910

1093549 1378946 1541330 2163849
1142846 1446112 1553488 2178851

1149847 1481839 2042723
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1333.3 US. Patent Specifications

2517612 3505882 3832906 4563909
2581965 3512419 3943778 4592242
2940313 3524355 3974701 4596158
3301073 3678764 4126046 4655096
3354726 3678765 4257280
3367194 3700290 4357837
3477298 2702568 4499778

13.13.4 Getman Patent Specification

953662

13.13.5 European Patent Specification

EP.0146850

1313.6 Swi.is Patent Specification

4823620

13.14 Precision Gyroscopes

13.14.1 Authors

Bamaby R.E. (1959)
Klcencs M. Lane A.W.
ZeiglerEJ. (1959)

1.14.2 G.i. Patent Specifications

No Entries

13.!4.3 US. Patent Specifications

2933925
3003356
3198021

13.14.4 French Patent Specification

1025771

13.15 Tv Axis Case Rotating Gyroscopes

131i5.1 Authors

NG Entries

115.2 G.B. Patent Specificu;c.c:

Q506i94

973629

13.15.3 U.S. Patent Specifications

2577942 3327538
2924978 3498144
29704h0 3540295
3182514
3214981

13.16 Thcinwektrxa y Cooled G)yoscore

1.1161 Aintl.orx

N Entfs

I-
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13.16.2 G.B. Patent Specifications

No Entries

13.163 US. Patent Specifications

3191919
3097027
3186240

13.164 European Patent Specification

EP.0142937

13.17 Single Degree of Freedom Miniature Integrating Gyroscopes

1317.1 Authors

S -. on C.O. (1962)
Zholdak SA.

13.1Z2 G.B. Parent Specficadaons

1056557

13.1Z2 U. Patent Specifications

2934961
3074283
3077760
3204467
3273405
4461176

13.18 Spherical Rotor Gywoscopes

13.1&1 Authors

Drew T.A. et a (1968)
Graham K.D. (1964)
Henriot EJ.C. and Huguenand E.A- i (1927)
MartmenkoYu. G. (1974)
Pittman W.C (1062)
UrmanYu. M(1973)
Vechtomov VAL (1972)

13.1&2 G.B. Parent Sperificarirs

378148 871147 1033157 1362149
383164 9719,94 1133605 1399607
483370 99070i 1244519 1505519
733678 1016260 1314304 2166867
790019 1051022 324458

3lIl3 1.IS. Parent Specifjkatior

2740299 3252340 3451274 3906804
2959060 3274666 3482454 3915019
2968954 3379070 3482455 3918310

3154953 3339420 349C780
3198021 3401567 3522737
3252337 3402610 3880606

13.19 Digital Rate Gyroscope with Vibrating Beam Force Tranducers

1-19.1 Awh--

No Entries

_ _ -
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1.192 0.8. PazrnuSpeciflcahions

No Entries

13.193 U.S. Pmenz Specrflcmriors

27-46301
2875618
3190129
3267746
32705615
3413859

13.20 Gas LubricAted Reaction Cwroscope

13 10 Amu/Ion-

No Entries

11 2 G.ft PawrsjSpecilkaudor

No Ertrie-s

132a3 U.S. Parorr-peciflcaukian

34254

13-21 Double Rator Pneutic Gnoscopc

13271.1 Am/ion

Nso Entrics

1 G1= 0.8. Paxmp io~

= No Entries

W-l13 U.S. Pa. en: Spcc&iftsi

1984874 31815241
19968963468

343653

13.22 Stnp Gun Owith QuNrtswls

No Entries

NaoEntricost

I 77 us PmterSpr)7ifixr

'"9356

-95 2

13Ma Two Axis Gimballess.AU41tlftude 1ydruutatic Fee RetrGwoscope

1 373?1 Am/i

NoEnties
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13-2-5 anB. POJCISPCa tiOn

13233 US. Paiers Spediicanion

3276270

3277304

3301071
3355953

13.24 Itatc G3To Usin Egksi Restraint (ilUid l"edgel

1324.1 Audiors

-No Entrics

2) G.B. PareniSpcc-kadofl

rue Entries

13;24.3 U-5 PamersSv-mycaic-Ins

31r52845 33121199

3194613 3-487701

31199931
3210948
33M1187

13.-5 ATo with viWnting-lmball

NM Entries

1325'- G.B5 Pa If---SPK ra Z0

W678764

13.26 HookesJaint G.YnncpC

13263I Audio's

Anrdd R .NMunderLJI952)

&anmoreG.(198R
5 )

Brosen Pa. Candal Sm ii (1% 1)

uurdessiS.Mlaunderl(19
2 2 -)

HillA.T. (1967)

foxCIJ.BurdcsiSM019Q.9
porfcra~iii(196!. 1962
Porter B. GrcguiyRW.i
Ryan TJ.(1989)

VnDiji -uM. (1972
ShazavM.tY'.(1983,
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13.26.2 G.B. Patent Specifications

578958 1072926
732975 1378946
733058 1450027
838383 1522138
1058780 2007840

13.263 U.S. Patent Specifications

2527245 See 3748912
2909064 4529871
3080762 4587860
3290949
3301073

13.26.4 German Patent Specification

2818105

13.26.5 Eu'opean Patent Specification

EP.0121483

13.27 Multiple-jet pneumatic gyroscope

1.2ZI Authors

No Entries

13.2Z2 G B. Patent Specifications

No Entries

13.2Z3 U.S. Patent Specifications

2729106 3416378
3115784 3482454
3275270 361)'; 3
3320816 4553440
'16223 t

13.28 H drostatically Supported Gyroscope sith Combined Centrifuge and Viscous sheer Rotary Pump

13.28.1 Authors

Cochin 1. (1963)
See p 48. 50.

13.28.2 G B. Parent Speciflcadions

No Entnies

13.28.3 U.S. Patent Specifications

3267'144
3321979
3643516
3653267
3657930
3662609

13.29 Two Axis Rqte Captured Saturn Rotor Gyroscope

13,29.1 Authors

No Entries

13.25.2 G.B. Patera Specifications t
No Entries
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13293 US. PaterntSpecifications

3252340 3722295
3260475 3902374
3262324
3413859
3611315

13.30 Vented Rotor Cv..,.:upe

U33G.!I Authors

No Ertrie:s

IA30.2 G.B. 1'ate,2Spec~ifictiolls

No Entries

1320.3 US. Ptn Specitica: ions

2964933 3877317
3!U17588 M88730
36014277
3610053
3726572

13.31 Uniwraal G)-roteopc

13.31.1 Authois

No Entries

13.31,2 G.B. Pates -SpeciflcationS

No Entics

i...3 US. PatSpee.Jicationis

1864GO1
1954993
:688805
2809527

13.32 Fluid Rotor Magncto-h~drodynamic Gyrcytcope

13.321 Atuhcs

Carrier G.F. Milts .W. ii (1964)I Diamnond HB.; (1967)
Egli WI-I (19641
Fiebig M. (I 96(i
Jaumarin J. (1932)
Kastrov V.V. Rogovoy W.4A.(19620

NowunLib W A (1972)
Monopo!i RAI. i (I W)
Monopoi R.M ii (196 1)
Puls J. Q1973)
Pnincaid-H. (188! )
Scot'.W.E. (1885)
1. irova E.P. ii (!Q75)
Stewinrtsou K. Ward G.N. (19,9)
Theri J.W. (19%6)
TlimsonW. ih(1877)
Whitcomab E.W. (1964)t
WlIdman M. (1962)

[Vn ______Ii__(1963_
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13.322 G.B. Patent Specifi cations

868535 1059300 1219890
871610 1074356 1277680
911355 1150324 1283869
928487 1184087 1525116
945800 1219415 1545116

13.32.3 US. Patent Specifications

1841606 2716943 2999389 3339420
1890831 2795957 3026731 3137!541
2099593 2857767 3058359 3401567
2183312 2949784 3080763 3747418
2215447 2953925 3129755 3933051
2345071 2973647 3200653 4603483

13.324 French Patent Specification

1185380

13-725 Russian Patent Specification

498476

13.33 Whirling Fluid Rotor Gyroscope (Vortex~ gyro)

13,33.1 Authors

O'Amico Jr. W.P. (1984)
Egli W.H. (1964)
OsborneJ.W. (1877)
Sarpkaya T. et a] (1967)

13.33.2 G.B. Patent Specifications

1002151 1201406
'125931 1268700
1125932
U135517
1140628

13.333 U.S. Patent Specifications

1841606 2995939
1890831 3060751
2856142 3276259
2949784 4270387
2953925 4603483

1333.4 French Patent Specification

1185380

13.34 Torroidal Gyroscope

13.34.1 Authors

JauinJ . (1932)

1134 2 G.B. Patent Specificagron

1219415

13.34.3 U.S. Patent Specifi cationsI

E 1082108 2871703 2966803
E2691306 2894396 29713PI

2856142 2915902 337154;



13.35 SIper-COnducting Supecurrent Cryogenic G~roscopes

;3,35. 1 Authufs

13uchho!d TA. (196)
IBuchhold T.A. i 963)
Cabrata H, ( 1978)
Cochin 1. (1963) see p. 66
Falco9 C.M. (1978)

Gruinet A, cI, al (3965)
HardiugJl~.T(1965) (1961)
fHeiviicks 3.13. (1975)
fHjldeman L.B. etai (1976)
Holdeman L.B. (1I'8
Jeans Sw. J..(1948) see p. 167
luster A. Scliizumie P.K. (1959)
Ka-r GA. Hendricks JR-!~981I)
Xtz:x gan P.P. (1971)
Mayhan J., MundeI E. (! 965)
Mehl JR. Zimmerman W. Jr. (1968)
Pellaun J.R. (i 960)
Mereeau JR. (19651)
Musatov K.A. Rudenko V..M. rilatov V.V. (I V86)
Peppy .D. (1 965)
SlaterI.M. i (1962)
UrmanYuM.(197
Whitcomb E.W. (I194)
Simon 1. (1953)
Rose-InuesA.G. Taylor (-- A. (196 1)
Urman You. M. (1 984)1
VorobevA.1 et al (1984)
Zhuralev V.P. Rudenko V M. (1983)
Zimmerman et at (1965)

M. j5.2 G.P. Par titSpecificaions

1244529

1335. U.S. PatenmSperfk~aduits

2871703
304420q
3216263
3657927

13 35.4 Riussian Pa'ene Specificagion

13.36 Vibr,;vno.eGvroscope (See ats(.OsriIlogyroj

;3.X3 I Author:

Br~zfuI Ll. Oflov VA. (199
Fihdt,-nd.-r G'O. atne K-.zlcv.4M3. (1963)

(er. 78)
Ryan Ti. (1 084)

13.36. G.B.Pee:p.iloin

10783056 H48
10705S7 124-"46

10~'S351599082
1G~h541-061502

1101259 2164749
1111446
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13363 U.S. Patent Specifications

1801619 3382726
2991659 3463016
3270566 31559492
3318160 4258577
3367194

13364 German Patent Specificalion

15484N3

13363 Eutropean Patent Specification

F.P.9059628

13.37 Vibrating Mrin Gyroscopes

Vibrating Bell Gyroscopes

(Acoustic Gyroscopes)

13.37:1 Author-s

Bryan G.H. (1889-92)
Frost U.N. Sethares J.C Szabo T.L. (1977)*
Langdon R.M. (1982)
Lcblond H-. Bruncati M. Garin Ch 11985)
Newwn OC. (1965)
Wood A.B. (1955) (p. 58 1-583)

13.372 G.B.Patent Specifications

1244519 2021266
'288118 -2061
A288449 2113842
1303237 2111209
15402-79 2164749

1337.3 U.S. Patent Specifications

2999389 1367194 3719074 4z157041
3164022 3408872 39097l0* 4167120*
3182512 3625067 3910373' 4384409*
3232-120 3656354 3924475
31241377 3673872 3926475
3307409 3678762 4126047*

13:37,4 European Patent Specificatien

EP.0175508

13.37.5 !ntent.ationallPatent Specification

WCO.8 1/00933

13.38 Electron Gyroscope

13:333 Auth~ors

No Entries

I 3' G.ft. Patent Speciti caivn

No Entrics

*Surface acoustic wavu (SAW%) gyroscope
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13.3&3 U.S. Patent Specifications

2330849
2871703
2885552
3160018

13.39 Electricaly Suspended Gyroscope (ESG)

13.39.1 Authors

Allen D.F.
Elwell D.F. (1973-74)

13.40 Small Low-Angular Moment of inertia gyroscope

13.40.1 Autloks

Sapuppo M.S. and Pjjoan PJ. (1971)
Simons W.R. (1965)

13.41 P rotechnic Roll-reference Giroscope (Hot Gas Gyro) (Cordite gyroscope)

13.41.1 Authors

Minihan P.N. (1964-65)

13.4; 2 G.B. Patent Specifications

842775 1132779
944658 1180546
947103 1330550
978029 2056675
1023903 2117114

13 41.3 U.S- Patent Specifications

1510487 2771778 3285075
2301700 2960877 3393569
2415859 3142184 3908470
2641134 3186241 4271709
2766625 3267748 4280366

13.42 Combined GyToscope and Accelerometer

1342.1 Authors

No Entries

13.42.2 G.B Patent Specifications

1198560
1213868
1312294
1312295

13.42.3 U.S. Prent Specifications

Re. 13755 593174 769493 925709
Re 14435 596231 769693 )34771
185465 596480 859293 936683
204052 637750 885086 944096
236259 640522 888405 960838
302650 653264 889062 991485
385087 661704 896208 1044022
401736 676420 907907 1048817
434172 693374 915858 1071735
458677 701533 919004 1093159
584i2" 745441 919268 1102653-
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1112997 2412453 3006197 3502062
1134439 2415056 3009152 3523660
1137234 2425737 3011346 3540289
1147272 2432383 3014376 3540293
1150311 2468137 3018476 3564931
1175959 2472824 3084342 3576134

1183530 2475746 3092432 3604121
1232619 2484819 3109501 3608384
1236204 2497065 3122937 3613458
1259293 2501479 3124007 3664200
1296303 2523959 3142339 3697968
1312085 2525241 3145797 3702078
1330503 2532333 3153353 3723963
1447685 2532334 3166750 3731544
1495911 2534463 3179942 3742770
1501886 2553786 3203644 3756338
1513143 2557590 3205718 3811328
1545812 2568402 3218015 3831454
1548442 2570130 3224513 3871236
1560428 2570653 3232635 3916697
1573028 2577061 3234797 3945769
1586070 2581846 3239118 4020491
1618570 2585579 3242744 4027540
1634950 2635836 3276270 4062126
1645079 2705371 3279263 4068538
1732677 2734383 3283587 4091664
1761409 2809528 3293923 4193308
1800408 2811042 3296870 42-i613
1885414 2825789 3313163 4256279
1945874 2871707 3320818 4267736
1947119 2882718 3327539 4295381
1964869 2883863 3338166 4322984
1978425 2914945 3373832 432437S
2051078 2953926 3380310 4361055
2062583 2961877 3393555 4375878
2325048 2964954 3410357 4399714
2389775 2966063 3421117
2395940 2980895 3426592
2404172 3005352 3465840

13.43 Magneto-ptical GiToscope
Faraday Effect Gyziscope (Ba:net effect)

13.431 Authors

.Anon (1961-1962)
Bamett S. J. (1935)
Bo.rdijk A.H. 1956
Braunbck W. 1939
NwTvon G.C. Jr. ct al (1962)
Rothrock R.B. et al (1963)
Schmutzcr E. (1978)

13.43.2 G.B. Patent Spccificaton

No Entries

13.43.3 U.S. Patent Specifications

237.7175
2566221
2916279
2942479
3225608



13.44 NMsgnetic Induction Gyroscope

13.44.1 Authors

Anon (1962) ii

Verbniggc F. (1953)

13.44.2 G. B. PatentSperWYkations

No Enrh.

13.44.3 U.S. Patent SpecificationS

No Entries

13.44.4 German Patent Specification

2740-333

13.45 Lindberg Gyroscope

13.45.1 Authors

CapeilupoiJ.P. et al (1960)

13.45.2 G.B. Patent Specifi cationz

984269

13.50 Vibrating GyroPes

13.50.1 Single Reed Gyroscopes

13.501.1 Authors

Anon (197 1)
Bryan G.H. (1890)

13.50.1.2 G.lA Patent Specifications

600165 647723 947436 1121750

601051 647895 989101 11249128

610530 670983 994543 1130314

611005 685113 1008999 1139083

611011 685369 1009021 1141727

611021 730783 1049794 1540279

618328 861436 1054082 1599082

639577 932457 1063469

646794 9473101027

!3.5V 1.3 U.S. Patent Sped ication

1728904 -546.'48 3106847 3992952

2309853 2552650 3238789 4079630

2466018 2594749 4267731

2542018 2974530 Re issue 212409

2544646 3047766 3538774

13.50. 1.4 Russian Pare- Specifications

438327
641343



I 3. 02 Tuning Fork Gtroscupes yorn

Bsrnaby R.E.etial (1953)
Barner M. (1966167)
Chattenon 3.B. (1955)
Feaniside K.et al(1958)
Germain I.WiitgT. (196 1 )
Hiunt G.H. Hobbs A.E W. (19 64-65)
Krasnoshiclicko%-a L. Yu. (1 969)
LvNT.anJ.(1933)
MNaundcr L. (1974)
Meredith FAW. (1949)
Morrow C.T.(1955)
Newton G.C. J i -k -njO)
Prngl JAV.S. (1948) (195))
Stratton A. I unt G.H. (1963)

13-K)22 G R. PatentSpecificalion

6 010 51 947 3 10 1054082

611005 9.89101 11024?7

6 18 328 1008999 1139083

130783 1009021i 1141727

490j149794 2061502

1 .2. U.S. Patent Spectfl cati-n

RE212409 2683596 3408871

23f)9853 2743173 3597642

'i39 2838698 3839915

1-13340 31h~46~

2616681 34774671112

13.50.3 Oscillo&,%o

12031Authors

Bonlieid D.G. (1977)
maundurL.(1974)
NutiaI 3.0. (1982)
Oniandy D. Maunder L (19731)
W-haicv R. Holgatc MJ. Maunder L (1967)
(See Vibra-rotor gyocp 0t1336

13.50.1.2 G.B. Patent SpecIfi atiOnS

1023554
1599082
3250566

I13.k5i0. 3.2- U.S. Patent Specificado-T

!1-0566

4258577

1310j.4 Vibratoty Rare GQrope

13 5 0. 4. 1 Authors

No Entries

I-' 13 A .2 CID. Parent Specit ations

No Enrics
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13.50.4.3 U.S. ParentrSpecifications

2455939 28612-56
2544646 2974530
2-594749 3127775
2753173 3992952
2838698 4079630

13.50.4.4 French Patrent Specifi cation

1176197

13.50.5 Piezo Electric Vibrating Gyroscope

1-7.50.5.1 Authors

Ko.ino M. Sugaixara S. Tbmikawui Y. (1985)
Langdon RIN. (1982)
Westinghouse Eectric Corpn. (1962)

13.50.5.2 G.B. PlatentSpecifl cations

1540279
2061502
2111209
2154739

13.50.5.3 US. Patent Specifi cations

2223537 26832-47 1408872 -4386535
2513340 2683596 3520195 4499609
2532781 2716893 -4079630 4653325
2544646 2724171 4186324 4655081
2546158 2963911 ;197478
2616681 2974530 4264838
'2627400 3182512 4267731

30.50.5.4 Internadonal Patent Specification

Wi) 8 1.009331

1.5.5.5 Euralean PamentSpe-iicadion

EP.0153 189

13.50.6 Piezo-elctric - magnetostrictir tibraringey'oscope

(ci-rynerenialflexure tibmnn4gy-rope)

13.50.6.1 Autfhoff

No Entries

13.50.6.2 6.8. PaienSpeciradions

No Entries

13.3063 LIS. Paw tSp cifications

31825 12
3307409
3408872

13.51 Irderferomtric Gyroscopes

13.51.1 Authors

Arditty Hi. et al (1Q8 1) (190)
ATronov6itz F. (I WE) (1 97f2)
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Aronowitz F. and Lim Wi..(19791
BalsamoS.RLEzeldel S. (1977)
Bambini A. Stenholm S. (1 9854)
Barlow AJ. DyeM.S. Trayner B.T. f1983)
Baxter T.D. Saito T.T. Shaw G.L Evas- MT. Motes R.A. (1983)

Bere:n F. (1965 ii)
BertolottiN. (1983)
Bogdanov A.D. (1977)
Bohm K. Marten P. Petennan K. Weidel E. (1983)
Bone M.C. Parker J.WV. (1 9S3)
Boscovich Ri. (17661
Bruaic:H. (1965)
Bukhman A.B. et a] (198 1)
Bulmer CHi. Moeller P-P. (198 1
Burns .K(19841)
Bunts W.K. Milton AR (1982i
Burns AIX. Moeller RT. V izarruel C..A. Ababe M. (1983)
Bumns W.K. Chir.-Un-Chen M4 oeller PP. (1 983)
Cahill RLF. Udd. F-(1970)
Cresser J.D. et al (1952)
Culshar, B. Giles 1.1% (1983) (review~ article)
Davis J.L Ezekiel S, j 198 1)
Dewcr D. (1977)
Dorschner TA. (1983)
Donmchner T-A c.:zth 1.W Statz H. (197 S)
Di~chburn RW. (1976)
Dunn PRW. et al (1982)
Evans R.T. Motes R-A
Eze-kiel S. Arditty HJ. (1982) (Aodern text)
E7zekiel S. Balsarno SKR(1977)
EzeI'c S. Knauscriberger GYE. 1t9 78! (Modemn text)

Gerdy C. (1965)
Giles I.P. Cuishaw B. Daics DE-N (-1983)
GassW%%Goldstein R.(1983)
Grant D.C Jr. (1979,
G uhl:ins H. C irsng~on XWA A 9,3-
Heer CV. (i1964)96.~u(%.
Peer CV.( 196i(4) iifi 1-4
Hofp FA. (1980)
Hotate K.ct al (19813
H-utching Ti. Stigern D.C. 9-H1
Ippen 11P. Stolen RH4.0(97.. 2)Re=Briflouin smutcrin-9)
Jacobs S.F. e, al (1984)
Jiang Ya-nan et a]1(1982)
Johnston J.V. (1977)
Jones E(1983)
1(iromikh A.M. (1966)

Killpatrick 113. (1967) (1973)-I
L-a-ai MIJ. Van Danmic G.E. Cadwaliender WK (1976) (1977)
Lamb W.E. (1969)
Langdord KC (1965) (1966)
.an~ein P. (1921)

Lauta P. (1965)
LefevreHi.CBourtbir't .Grano-P.ArdiityHJ.(1982)
Mae"i W.M. Dais D.T.M Jr (1963t)
Macek W..M. McCartney E. (11960)
Macck W.M. Schneider J.P, Salanion R-M 1 (J.9641)
Maiman T.H. (1960)
Mark .G. and Browni A. (1985)
MathcwsJ B. Gneses MI.Berg DS.(i97-0
McClurc R.E. Vaher F. (197 8)
Michelson AA. (-904)
loranJ. (1984)

Nakazawa M. (1985)



Ocizio F.D. Jr. (1982)
Ponikva D.Ezekiel S. (1981)
Post Ej. (1967) -

Roland i. Agr.~i AG.P. (1981)
Roland JJ. Lamarre JAI. (1973)
Rosnthal A.H. (1962)
Ro-sM.(1971)
Rozanov N.N. (1970)
Sagnac G. (1913 i H)
Saxena V.N. (1983)
Schawlow A.L Townes Cl-!. (1958)
Scott M.L Elson J.M. (1978)
Sheemn SK (198 1)
Siouris G.(1977)
Stcnholhn S. (1983)
Street A.j. Wilkinson J.R. (1983)
Tehrani M.M. (1983)
Tehranj M.I.M. and Hoschette JA. (1983)
Thompson D.E. Anderson D.13. Yao S.K. Youmans B.R. (1978)
UddE.-(1983)
Vali V. Berg MF. Shorthill RAY. (1978)
Vai V. ShonhilI RAYV. (1976) (1977)
Vali V. Shorihill RAY. Berg M.F. (1977)
Watkins LS. Smith RC (1965)
Whitcomb E.W. (1964)
Wiekert K. Demtroder W. (1982)
Yee H. (1965)
Yeh P TraceyjI Khoshnevisan MI. (1983)
Youngquist R.C. Shaw Hi. (1983)
Zernike F. (1947)

13.51.2 0.8. Patents Specifications

1046349 1550579 '1068108 2121532
1086898 1589704 2071905 1121954
1116416 1594047 1-07133-521163
1135910 1601309 2073414 2126776
1141727 2004113 20789-16 2127-11
1143033 2009396 '079q5' 17960
1192414 2012101 -087.638 2131598
1196940 2017392 1-089976 2311
1203628 2017394 209069- 2136630
1208449 2021851 2093164 2137013
1237663 2028496 209im 213624
1255836 2028497 2097z16 '18'

1258172 2029631 200 1 14'61269104 2032169 '-098404 2143366
1285277 2037455 L1,105 1-143367
1296786 2039036 '2100499 -1,6S

1375959 2044447 '1008"r 14'

1388418 2044518 211022452
1406730 2044594 2105098 '2148046
1507847 2045514 '105901 2151806
1509760 2046434 '-10-511 2160710
1535444 2046508 2108652 IM106,
1536077 2049172 21062 _ _

1536081 2058345 211129? -21600216
1542723 2058314621202193
1550578 2067746 '1190 8 1 21u1'46

13.51.3 US. PaternSpecificadiion

2841049 3320850382M3961
3102920 3323411 -38219 34044
1102953 3332314 33382760 3411849
3277392 3345909 3906016 341-2 5
3277393 3370253 336'.419330
3316501 33731650 39' 43-68
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3462708 3743969 4159178 4429997

3464026 3744908 4160184 4431308

346612! 3752586 4167336 4432646

3467472 3757247 41903364 4433915

3468608 3791738 4198163 4436423

3469922 3807866 4208128 4440498

3473031 3841758 4225239 4445780

3473143 3846025 4243324 4 4450

3490878 3851973 4248534 4444503

3494169 3854819 4248535 4445779

3456138 3862803 4255054 444575

3488606 3867934 4257015 4449824

3503005 3869210 4258336 4470701

3503688 3879130 4259016 4473297

3508831 3890047 4265541 4477188

3512890 3892486 4267478 4483617

3519356 3927946 4271397 4491413

3528029 3930731 4272194 4503543

3530388 3937578 4273444 4504146

3533014 3941481 273445 4514087

3535040 3955152 4274742 4514088

3545866 3973851 4277173 4514832-

3563662 3982204 4280766 4521110

3575667 4000947 4281930 4522491

3579846 4006989 4283144 4525843

3581227 4013187 4284329 4526469

3597088 4035081 4283'78 4529311

3600095 4039260 4288163 4530197

3606549 4099876 429V697 4536087

3612690 4107628 4299490 4540284

3617129 4108553 430210- 4545682

3627422 4110045 4309107 4548501

3627425 4113387 4320974 45510

3642373 4114257 4326803 4561;0

3642375 4115004 4329057 465941

3646468 4119930 4344706 4555

3646469 41205i7 4348113 4580270

3647303 4120588 4349183 4585346

3649931 4123162 4352562 4588296

3691477 4132482 4373814 4595293

3692385 4133612 4386851 4595377

3697181 4135822 44220A 4601J

3714607 4138196 4420259 4606637

3715562 4141651 4t2276

3721497 4152071 4425040

3741657 4152072 442957M

13.51.4 European Pa.ent Specifications

EP.0001553 0061360 0092831 0129838

0003086 0663977 0093170 0130766

A007826 0069365 009-21 0132143
0007827 0069366 0096416 0157319
0021419 0069367 0100993 0158557

0026066 0074465 0103080 0160587

0030891 0075013 0103683 0172390

0031274 0075707 0106573 0172391

0039180 0079268 010737-3 0185385

0040004 0084055 0109394
0054821 0088824 0117268

0059644 0091550 0128230

¢xtcnsiv pior an -=-
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I? ) International Parent Applicaos

W0811-03456 W085103569
1NOba 110552 iAO8 6130
W-083101683 NVO86 012871
W0h3 04305 1%086 01947
x1094M'0822 WVOS6 05039

13.52 Nuclear GmsIop s Mgnetic induction-O gyo-cOPes)
(Nuclear nsgnelk resonatice N.M.1l.)

-- I) Aut/hors

-AndrcwE.(1955)

Anon (1963)

Bind G.T. (1965)
Benoit H. (1965)
Qabre-ra B.(1978)
CarnaC16.(1965)
CaiverT.R.(1965)
Culv-erW.H. (1962)
E " a t 19 965
Falco n.M. (1978)
Fishlock D. (1980)
Holcomob D.F.. Norbere RE. (195 5)
HanuiseG(. (1965)
Hlarris RHj. Mann B.-. (1978)4
Hezz7ogD. Haihnl- (1956)
Hoebtraser G. (1965)
Josephson RD. (1962)
KancgaberE- (1978)
Lam LX.C Ptillips 2. Kancgsbcrg .KmnC.(93
Lcsinhal .C(1950) -Kri Uf1934

minnemnan Mi. ct al (1965)
NcwxonJ.C Jr. ct al (1962)
flverhausc:.W~. (1953) (re. Oxvrhaur cIkt
F-ppardA.B. (1977)
PattzS.P. PrestonJI(198 1)
Republic Aticka Corpo. (1962)
Scnit W.(1965)
Simpson J.H. (1964) (godbbiorpy
Simpsonii. Fraer J.T. Gucnwod IA.( (163)

* Simpsonj.H.Jr.(1965)
Sceunde.SaleF.(1965)
Vatnigge F. (1953)
Wrhitcozob SAY. (1964)

I C) ai Patnt pec/f ction

152-1 U-S. PatentSnedfwnton

561489 3103621 422-5818 ~0l
-61490 3103623 4403190 t50901

M89494 3103624 4406986 45448991

271625 4104577 4414535
%4 i60 4147974 4430616

3101620 4157495 44464278
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13.53 ! 4 n-ardFiexurefHines

13.53.1 Bearngs

13.53. .1 Ai;ors

Ausman J S. i (1957)
Bard D.O. (1960)
B.ixwe i;.H. (1975)
1ieardrinre G, (1985)
Benatti RJ. (19L 1)
Bennett 0 S. .'19-t7)
Bicking R.E. • i971
Cilyficld EJ. Galvin O.D. (1968-69)
Dcwz. D.M. C ,oke D.D. (1976)
Drew T.A. Carnqhie JA. (1968)
F I.A.T. ',39A19461
Ford G..K. Haris D.M. Pautall D. (1957)
Forse R.W.E. Patteror. A.U. (1964-65)
Fuller').D. iii (1958) (1960)
Grassam N.S. Po~el! J.W. (1964)
Gu. A (1 975)
Haeucmann W. (1963)
Hintew . i.E (1978)
Holmes 1. (19;64-65)
Hughes W F. Elco R.A. (1962,

Keaun; W.C. 197 C.H.T. (! 9)
L.Ib J.H. MeGin,s H.D. (0 961)
Lebedev N.A.0(978)

MiRa H. (199)
Pm~tarcca A.G. (1964) (!1 968)

Peters A. SnIle E.B. (1951)
PSubeau F C. (1977)
Prcnti JIM. ( 19 1)
Ra-ood L. (1971)
Rothe H.C. (1959'
St, aw M.C. Strang C.D. (1948)
Sitch D. 01976)

Studer P.A. ( (1972)
"Taipu G.Zh. ( 971 )

Troeger H. (1962)
Van Dijk G.!I M. (1972)

Voronhov V S. Pozdeev O.D. (1989)
Unterberger F (1974)
Zedekar S L (1968)
Zburavlev U.F. (1973)
7,huravlcv V.F. Lapin A.A. (15,79)

13 53.1.2 G B. I'vteni Specifications

177774 6221 S 710319 884061

351030 622270 74035, 886391
376320 023078 740785 915918

3&8283 623949 740796 929258
474629 630567 74 1773 9313M8

482215 64C5u2 745653 950694
497707 663,437 747 954464

504912 666432 74801., M,5057
512355 6 4667 7489., 963175

542116 684668 752z28 984346
542613 686862 751926 45
547208 693671 7fqZ67 98939
549312 706434 784693 99)701
552550 708969 '7 91PI 19 1010343

:5462 7173.19 S! 02719 1011413 - .

-92568 719957 3 uZ180 1018679
6063. 729(108 835630 1047833 -

609476 733673 854-07 1051022

-- p.-. A~. L---- - & -.- "
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1058291 -154254 1310525 1538805

1061282 1156364 13!0526 1545774

1066914 119764 1324504 1562118

1069594 1258741 1354176 1572643

1078289 126415 1357020 2063471

1103490 129945? 1410219 20640201141039 1310523 1432889 2093183

1153923 1310524 18S5290

13.53.1.3 !)S. PateniS£eficatorY

64887 3233467 3537324

841612 2785573 3237457 3538776

1136666 2793028 3238790 3540294

1226882 2797580 1247725 3543301

1294697 2752684 3257854 3576133

1386029 2760376 3264880 3585866

1452483 2185573 3269 94 3606793

1600071 2793028 3315533 3662609

1729734 2797580 3319473 3677097

ig43868 2871706 1326053 3684678
1845592 2915902 3334949* 3703831

1978425 2919583 3336810 37C5231

1986807 2919585 3336811 3722295

2048834 293322 3339420 3722296
204883 296038 3339421 3722297

2133809 2944425 3354727 3802275
2199024 2959059 3356425 3803924
2244603 296087? 3358514 3877317

2216634 2969680 3360996 3878730

2314343 2990718 3362233 3886803

2330729 2992562 3362234 3908470

2334C02 2995631 3365958 3982441

2410622 3002392 3451289 3985034
2417066 3046794 3452608 4000660
2417081 3073584 3482454 4043614
'517612 3077785 -14877014103

2518159 3080762 3489016 4114960
2577942 3131568 3515006 4157465

2606447 132315 3512A19 4380355
? 262066 3142189 3526142 44b6299

2649808 3194051 3522737 4570507

2735731 320G652 3530728

2752684 3225F06 35346 if.

i 13.,:Ul.4 Gemzan Parent Spedcfilebns

1497256
2337844
2649182
2734058

13.53,1.5 French Patent Speicd-n

2J29890

.3.53.2 Flexurf Hinges

13.53.2.1 Authon

BcardmoreG. (1985)

GzaryMj (1977)
Haberland IR (1977 1973)
Wittrick W.H. (148)

"IMatbm.tlal diseratim
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!.53.23 G.A. Patent Spedflkecons

959258 11525F? 1315432 1545174
1058780 1230676 1348618 1382857
1051839 1245146 1364757 203631
1103490 1274599 1378946 -042723
1142846 128a195 1514227 2046905
1142847 1289G00 1514228 2063471
1148582 1304571 15388D5 206765-i1150532 1304751 154133 2163849

352.4 U.S. Paten Specifications

30290 3353413 36:8403 414-'0G3
9,6187 3354726 366502 4197765
13Y3845 3365960 36?7097 4202089
1891619 3373617 3S787,4 42076F8
1913886 3413858 300289 4217787
2238380 3427?: 3700290 42;29i7
2517612 3452606 370029: 4261211
2606447 3453894 3709045 4266431
2735731 3483760 J722206 426902
2793028 3498144 3748912 427019;
2797580 3512419 3734475 4270393
2893247 3515006 3"762226 A285248
2909064 3515034 3832906 4286370
29r0302 3527062 3856366 42978S3
2()5938 3529477 3943778" 4297904
3002392 3534616 3174731 4326428
3063670 3538776 3987555 4332165
3074682 440293 4000659 4336967
3077785 3543301 4002078 435,837
3081552 3544175 4033371 4380108
3119607 3,,0395 4062600 4386535
3165945 3357629 4077236 4395922
3176523 3575415 4082005 439718
3211011 3576133 410483 4454'77
3264880 3584513 41)4402 4464942
3290949 3585866 4i22539 44-9778
3301013 3610051 4126046 459222
3367411 3613457 4143 51 4596:58

13.53.25 Germa PattSpecifications

2525530
2544580
2653427

2714085I 2751034

2818106

13.53.2.6 Russian Patent Spectlcanotns
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657246

13.53.2.7 Europeon Patent Specificato.z

EP.0009347

13.53.48 Itrenaticnal ,aten;Specdifation
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13.53.2.9 Belgian atent Specifi ction

628098
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13.54 Mounings Cerdan Suspensions (Giribals) Cagings (Suspensions Generally)

13.54.1 Authors

13og~tskaya l.G. et al (197 1)
Bogcyavenskii A.A. (1974)
l3orzov V.L S:Saniartseva E.V. (1974)

Bryunq A.D. (1972)
Cardar .. (1663)
Chctae', N.G. (1958)
Filippova L.O. t,1976)
CrL~hin A.S. (1066)
[shiiski1 Alt'. viii (1965)
Ishlinsii .Yu. (1966)
Kharlatm- v S-A. iii (196 1)
Klimov aO.M. Potapenko VA. (1966)
Klimov D.M. RabinovichYu. (1974)
Klirnov D.M. Rogacheva L.N. Filippov V.A. (1972)
Klitnov DM. Stepanenko N.P. (1967)
Koshlyakov V.N. (1985)
Ki't'mina R.P. (1975)
Xuz'mina R.P. et al (1969)

aufer B. (1916)
ixcimranis E. (1965) (se p 2 3 9 -2 56 )
Lunts Ia. ii(1959)
ML-under L. (1963)
MagnuslK. (1955)
Necdhamnl.(1965)
Nikolai E.L. i iv v (1939) (1964)
Pham Huen (1966)
Prentis.. (1961)
Pavlov VA. 1 (196 1)
Pavlovskii M.E. et al (1967)
Rudenko V.M. (1978)
Samsonov V.A. (1979)
'lachkov G.P. (1978)
Shataov M.Yu. (1981)
Sinitsyn I.N. (1976)
Smolitskii Kh.L. (1966)
Tcreshin V.G. (1979)
Trayner B.T. (1964) (Review article with 3' r eferences)
Vreeland TJr. (1 9f 9)
Zhuravlev V.F. M~imnov O.M. (1975)

13.54.2 G B. Patent Specifi cations

20135 of 1912 810280 942826 1545774
101367 811009 954464 1564105

422862 84309844162065
564783 840595 1058780 2089553

568614 F,18005 1378946 2106245

640631 895375 1486189 2107056

790175 900138 1496405 21:3302

794236 901756 1520139 2135775

819)279 915918 1522138

Ccgngs

419816 635126 785126 952219

571664 684668 796050 976669

57371r 701385 857552 1020200

578604 716779 857553 1068371

5793?4 729946 866409 1078289

582540 761521 878891 1092344

58S~907 765313 878894 1104951

591722 776845 885085 1115316

622270 ~ 776610 886728 1115832

6302-1 777973 921740 1244549
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1378946
1599082
1349717
:496405

Ginmbalor eaingfollow-up arrangerens -damping oscillaion

9737-1911 530222 784576 1032473
271154914 530549 789556 1037106
10095-1914 535966 797929 1040004
14486-1914 549041 798989 1054238
22379-1914 549944 799!07 1056528
565-1915 553344 807292 1056624
3318-QIS 553730 815556 1068426
16098-1915 587631 821748 i0694 6
107572 58771 825927 IC12498
110369 587F97 825920 1086539
125096 60iA47 340395 1092997
125660 604208 845b08 1095131
'5791 61251 356374 1195:'7
127055 621836 872777 1097682
129724 C25869 8141;3 1101956
139056 626634 755 1108391
145465 627291 878029 1144880
146374 6369 52 879683 152i47
153588 638714 885303 11525b6
164396 640i(2 886Q63 1152587
177153 643789 8F6391 1157966

179918 649704 889835 1159770
188390 654041 595064 1171719
217405 657669 895375 1172441
229869 657671 898595 173647
246741 670983 900138 1175863
269042 677306 911913 1189631
292051 680944 914128 1196170
316380 682908 918197 1207660
331627 684667 918524 1239176
340327 684668 923406 1254385
346466 687135 924214 1264015
353296 698031 932173 1264285
371235 698032 933251 1284206
373832 707518 935905 1315119
376320 712993 94432' 1330550
379134 713;11 947322 1358258
382782 716871 )60437 1388082
422116 719957 964649 1306163
425"90 722497 972762 1410895
457483 741960 v. 973122 1425092
479279 751142 978029 1488951
482215 753127 983658 1525116
488601 753449 987921 1580092
497584 76025) 1008282 2905411
5011,45 765675 013725
522',84 767069 1021801
523947 77284 10311796

founings and st.pensions or rotor er rotor casi g -liquid buoyancy

10440-1911 148989 367692 762301
26160-193 150457 448051 762346
108677 167503 682908 761750
132816 i87985 713511 772432
132839 1'3397 122492 772433
146372 290670 7.10349 791556
147062 29G790 740350 798C89
148274 309924 740796 798107
148965 31972 753127 812875
148967 352335 753449 85556

I:i
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820480 889864 992535 1129294
825917 895375 1013275 1129595
825918 900138 1015681 1132851
826418 911913 1025325 1141384
826419 924744 1026570 1150324
826420 926959 1037106 1167286
840395 928487 1037756 1183034
845808 931398 1047833 1186642
847378 932173 1048615 1203841
852562 933251 1054238 1207660
854506 941317 1056557 1244519
854507 941533 1064219 1280652
854508 957196 1069080 1349229
856374 958988 1069566 1357020
867867 964648 1072365 1396163
367868 971613 1074356 1410580
878029 972762 1081795 1410895
878939 973122 1083157 1456883
879683 976517 1084456 1505519
885308 977873 1095817 154204/5
886063 983658 1102813 1555286
886391 985324 1117848 1564686
889385 990701 1121899 1576631

Mcuntings amd suspensions or rotor or rotor casing -resilient means

565-1915 686862 1078357 1283118
117827 687135 1078358 1284195
125628 713511 1084456 1289000
125660 745653 1093549 1299822
127007 772849 1093550 1304571
127287 784576 1101258 1304751
153588 810279 1101259 1310525
167503 810280 1103490 1312294

307619 812875 1111456 1312295
333651 840370 1132948 1315432
497033 857754 1142846 1340462
497584 879683 1142848 1348618
497707 886391 1148582 1364757
518846 889864 1150532 1396163
549041 909138 1152585 1446112
553094 911490 1152586 1481839
587719 933251 1152587 1491953
591182 959258 1155545 1511430
592645 964446 1160039 1520139
600661 964447 1175863 1522138
606334 964648 1189631 1538069
606335 972762 1195560 1538805
616374 980529 1227130 1541330
617108 1026570 1239176 1545774

640631 1054238 1245146 1553488
666432 1058780 1258439 1589789
675048 1068371 1269054 1589790
677306 1078289 1274599 2005411
684667 1078356 1280652 2007840

Mountings and suspensions or totor or rotor casing -three ring sytems

11827-1915 734851 924744 1034314
320355 762301 935976 1040392
439630 762346 942826 1051905
598470 821416 950694 1055338
608851 821417 980529 1071371
617055 863456 985324 1072365
626634 863457 988089 1095131
626635 863458 997469 1101934
635192 921740 1009169 1173564
645408 924093 1032473 1178703
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1183034 1396163 1410895
1213868 1398905 1484793
1263424 1398906 1521638
1330550 1405275

Mountings and suspensions or rotor or rotor casing -unclassified

9737-1911 544094 763750 963175
15669-1911 545694 772432 964648
22870-1911 549312 772433 971613
26068-1913 551823 772849 973629
14032-1915 553094 777973 978029
101367 553730 784473 985324
104191 578958 -84576 986485
123438 580248 784693 988898
125628 587719 790019 989939
127007 591882 791556 990701
127055 600661 794236 992535
127287 603430 797929 1008282
135500 630711 798089 1009169
139474 606334 798107 1010343
140142 606335 802776 1011413
141139 607349 80-306 1011275
148966 607353 804372 1015 91
149727 612723 807292 1016260
150452 618540 810279 1017590
160316 625288 810280 1018679
166868 625415 820480 1020200
175292 625869 825917 1021650
194714 626634 832480 1023903
210062 626635 836816 1025325
244843 630657 838383 1032473
306603 635192 840370 1047833
309150 640562 840395 1048615
309910 640631 840427 1051905
341519 649704 845808 1054238
344239 666432 846879 1056557
346466 677306 852562 1058291
351030 682908 854507 1059300
351672 684667 854508 1061282
365188 684668 858005 1066914
375278 687135 866473 1068371
378148 698032 871147 1068426
383164 706434 875754 1069594
387366 707446 878939 1075277
388283 707518 884061 1078771
401039 708873 886063 1081795
410839 713511 889864 1083157
427422 719957 895375 1084280
428533 723377 898595 1085498
460244 726627 900138 1089070
463332 726849 901220 1095519
463396 726890 902264 1095817
464263 729672 911490 1096831
466864 731737 911913 1100524
466865 732975 927112 1101258
474629 733058 931398 1101259
479279 733678 932173 1101956
483370 734851 937444 1102813
501856 740349 938705 1104525
504753 740350 941533 1111374
504913 740796 944828 1111676
505900 741773 947322 1117848
505901 748010 950694 1126611

509178 751142 955057 1132779
512355 752828 958988 1134273
522384 753127 959258 1141039
524017 753449 960437 1141335
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1144880 1205065 1310525 14142971152447 1207336 1314304 14175851153921 1213407 1315119 14250921154254 1224992 1324458 14461121156364 1227130 1324504 14568831159770 1239176 1325152 14889511160295 1244519 1332911 14970651160528 1259753 1333529 15114301167286 1264015 1343690 15351741172441 1264285 1351873 15436301175863 1270567 1356667 15451161178703 1271728 1357020 15621181181704 1273522 1364757 1565135
1183034 1274599 1368037 15703041184087 1275880 1383348 15799201197253 1280776 1388082 2002116A1197646 1284206 14004881198560 1284492 14102191202456 1299822 1410580

fechanical caging devices

11459-1912 521913 765313 99628318859-1913 524204 772005 100828229010-1913 536495 776610 1017590178954915 537777 776845 1023903
100393 543455 777973 1039695
102044 543482 785126 1068371146372 562688 791556 1078771166316 564840 796850 1092344213791569160 

807292 1104525218415 571664 808829 1111676284505 573710 832480 1118509366058 577209 842715 1132779366764 578604 843446 1152447379139 579816 857552 1162616393354 579874 857553 1175863411921 582540 866400 1180546413715 622185 872777 1188067416813 623943 874101 1196401418377 625415 878891 1197646
419816 631329 878894 1213407421079 635126 885085 1224992425111 635192 886063 1231069427422 648492 886728 1244549

434364 655536 898804437861 670983 898805 1324504451844 692986 925441 1325152471217 701385 928487 1436941474280 716779 932173 1456883484775 724428 941533 1545116491476 726627 944658 1554204
495431 729518 947322 1554205496521 729672 953586 1555286504876 729946 976669 2011671
521160 761521 990701

13.54.3 U.S. Patent Specifications

1226882 2766625 2944425 29978851501886 2782642 2959059 30023921797913 2822695 2967430 30467952158180 7836981 2970480 3135682183312 2846885 2971383 31862392209735 2865205 2973649 32162622582788 2909064 2984113 32465272584472 2924978 2990718 32489522740299 2939322 2992562 3252337
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3321980 3505881 3926060 4267737

3365958 3677098 3941001 4270393

3396586 3678764 4021716 4297904

3446080 3709045 4122689 4355340

3452608 3837229 4193308 4483207

3457793 3898884 4217789 4570507

Gyroscopes %ith caging orparking means

1075770 2393124 2741922 3020769

1186856 2406698 2786356 3039316

1404329 2419382 2787908 3046796

1451928 2422267 2790119 3110187

1704489 2423270 2795142 3111038

1717837 2441157 2799169 3114269

1788807 2441307 2808726 3115784

1800408 2457150 2808727 3172213

1851536 2459496 2815668 3174346

1896805 2459879 2826080 3229532

1918082 2468016 2841015 3232121

1955746 2491813 2841987 3250135

1959309 2507451 2842967 3272019

1982637 2519454 2846886 3283592

1988463 2523270 2867122 3292269

1996895 2524553 2872821 3322338

2001038 2527055 2874576 3430499

2005379 2555981 2874577 3455030

2018735 2556253 2879672 3457793

2091964 2564772 2884787 3473391

2105148 2567053 2887884 3474688

2133489 2580748 2889710 3477297

2139670 2585693 2891407 3508447

2162698 2591741 2898338 3522993

2178623 2625045 2907212 3526143

2182534 2636389 2919584 3528300

2190698 2641133 2919586 3534617

2202955 2645129 2921472 3610052

2203708 2645942 2935942 3839916

2207717 2651205 2937531 3926060

2247142 2654254 2940319 3992955

2278913 2674891 2945648 4009848

2280116 2685206 2951375 4020701

2283720 2694314 2951378 4027540

2295158 2697354 2960874 4036453

2297274 2698542 2960875 4069990

2348603 2716344 2960877 4147066

2348731 2722124 2962901 4149418

2350769 2726550 2964951 4155521

2366721 2727393 2982138 4236414

2368221 2729978 2990719 4266431

2369845 2732719 2996921 4322984

2380538 2734279 2996922 43a5485
2383663 2737052 3019662 4355540

Gyroscopes nih caging or parking means rotorspin i.d cage release type

18168 983467 2415899 2924104

562235 1030134 2521379 2951378

607440 1077344 2715709 2960877
621364 1145025 2732721 298Z140

661535 1153678 27-69343 2986945

741683 1173435 2841987 2996922

768291 1185210 2846889 3010327
814969 1192468 2872822 3012439

818987 1291031 2887884 3017778

894838 1296137 2895338 3082(30

925710 1296331 291:832 30864 0

954634 1421854 2921472 3102430

_________________________ ___________________
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3115783261214 3434354 3913870
3129594 3263508 3434355 3933096
3137966 3267748 3438269 3982441
3142184 3270568 3446082 3985034
3162053 3270985 3449960 3992955
3180223 3273406 3451289 4024769
3186241 3287982 3554466 4271709
3187588 3290787 3570282 4275604
3191777 3299717 3604277 4305304
3205719 3299718 3677098 4322984
3232121 3323379 3807239 4346614
3247726 3393569 3898889

Gyroscopes nuh caging orparking means and resting means

1694192 2200976 2360935 2924104
1946657 2207850 2379869 3323379
1974220 2207875 2466342 3895889
1996896 2214538 2483826 3926060
2061894 2217255 2491204
211:388 2273309 2572827
2175143 2298626 2807169

Gwroscopes 'nih gimbal lock prerenting means

2158048 2493015 2802364 3188870
2195351 2512607 2816448 3203261
2366543 2561367 2846889 3383926
2367667 2584876 2909929 3470751
2368644 2588755 2934960 3470752
2390532 2595951 2978912 3509777
2409875 2649809 2983150 3941001
2439358 2655046 3004437 40565

2450875 2677194 3029464
2452473 2747431 3069911
21469182 2752789 3675729

1354.4 International Patent Specification

WO 7901161

13.55 Rotor Constnucton

1355.1 Anthor

Beams .W. 1947
Conference on Scientific Aspects of High Speed Rotation (1975)
Henriot EJ.C. Hugucnard E.A. (1925) (1975)
Laitae E.R v (1977)

Muller HR-. (1976)
Oveharova D.K. Golosholov E.G. (197 1)
RedW.E.(1974)
Sann R.I. (1970)
Yarber G.W. eta (1966)
Zholdak S-A.

13.55.2 GB. Paten Specifications

21271 of 1910 513290 591598 838816
5314of1915 529751 611045 841775
102044 531870 623943 868535
123836 535160 729008 870614
141139 545397 733678 876433
146302 546152 740796 886305
405513 554199 764467 932173
464315 554594 764644 1017086
474202 569804 817570 1018679
504963 574110 838383 1039695
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1069594 -1265832 1386897 2070244

1078771 1234195 1417585 2049932

1126611 1337054 1522138 2135775

1152586 1349777 1565135 2166867

1152587 1352981 1562118

1156364 1354176 2007840

1264015 1362149 2025066

Rotr Construction

8379-1913 751018 1018509 1258439

11827-191 764644 1018679 1264C15
101367 784576 1023554 1274599

123438 784693 1024764 1277680

128345 790019 1039695 1283869

134234 802776 1056819 1284195

161133 -825317 1058780 1284206
162604 832480 1059330 1304571

251389 8316816 1061769 1308205

378148 842775 1066914 1310525

383164 868535 1069594 1312294
418377 870604 1073446 1312295

427422 71147 1074356 1314304

460244 874563 1078356 1315119

463332 876433 1078357 1315432

474020 884061 1078358 1318872

474629 885303 1081795 1324458

479279 886391 1083157 1324504

483370 889864 1086539 1325152

490724 890264 1093549 1330550

504963 898595 1093550 1337054

509178 898804 109551 1340452

513290 901220 1101258 1343690

530549 904570 1101259 1349229

542618 911355 1102813 1349322

542963 911490 1104525 1352981

546504 911913 1111374 1362149

547022 917452 1111456 1364657
547208 926100 1121117 1368037
554594 928487 1141039 1386897
554620 933251 1142846 1388082

569804 937444 1142848 1410219
574848 94482- 1144880 1410580

578958 945800 1146833 1417535

592568 947103 1148582 142!092
599826 950964 1150324 14!6112
603038 960437 1152585 1477603

603427 963175 1155545 1488951

609476 9644 1156364 1491953
611045 964447 1159770 1497065

622185 964648 1160039 1506180

623943 971613 1160528 1511040
655536 971984 1163017 1511430
682528 9731" 1168261 1522138

691846 973629 1179601 1525116

695671 984269 1180546 1538069

698031 986485 1184087 1538805

708969 987921 1188067 1541330

7224Q2 988898 1196401 1545116

732975 990701 1197646 1553488
733058 9535 1198560 1562118

733678 996283 1202456 1565135

740349 1008765 1213407 1580092

740350 1010615 1219415 1589789
740785 1016260 1219890 1589790
;40796 1017086 1231069 1605164
748198 1017590 1244519

74819
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G 1, oscp e apparatus co ,w ructional featu re ... de a u d ied

5843-1911 671411 772432 106125619555-1912 680944 814914 108629920135-1912 692986 817570 1089070129591914 623078 858005 1095519101225 623080 865642 1104951129724 675048 870604 1115832148309 681926 886728 1126611166907 682528 898595 1156364179918 707660 898804 1160528188390 708873 911913 1172441341519 709997 926100 1180546368310 716871 933251 1202456428533 717322 938705 1254385441439 722492 94482' 1264285444715 723377 945387 1269817461257 724428 947322 1278794504963 726890 953585 1280652515152 729241 959258 1330550
568614 72967 986485 1349322581891 731737 987921 1349777591598 740349 1011413 1425092609476 740350 1017590 1428908622185 741960 1024625 1469123622270 753258 1029012 1486189636545 7644b7 1054238 149765
640562 765675 1056819 2007840

13553 US APllerSpetfication

142631-6 3129593 3822602 43053041426339 3248952 3880606 4426889264113 3274666 3988347 43163892716893 3290948 3974701 4343203*277177: 3505228 4281555 44649432919585 3529477 4283959 45211093043147 3719092 4299127

Roto

3229 128460 353349 6400963299 151310 379807 66067912441 203623 382008 670385
17222 215805 402564 670388
22003 22506s 415364 671160
23299 235876 422606250 238838 426002 691491

24247 42984 69455240011 246657 442570 697175
44466 248978 449572 70372454220 252457 477324 70570257348 271132 492654 71797$58925 284369 521768 74632359032 286702 548131 74796860126 289992- 554138 74838060221 299013 554577 75373565420 300443 565378 76285168530 302700 777 3 09779403 307975 577065 78512794091 318094 583756 75920599659 331920 590252 791033
105870 339476 500554 796893118022 341736 600446 798682223502 342586 611719 798985128408 349547 636372 80273

Sc German 2527464
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803556 960277 1185192 1653856

804806 961740 1186856 1663814
807048 961877 1192381 1677030

815309 961878 1196537 1683954

837874 961879 1199165 1687513

843823 962158 1204839 1701274
843917 965811 1220767 1703991

845615 976953 1227335 1706678

848140 978893 1227593 1722800

855812 986978 1235153 1729659

858711 996148 1239046 1734267

860336 997851 1242285 1765754

860505 998728 1248807 1767916

861022 998734 125-694 1789579

861658 999758 1255747 1798108

861687 1004607 1257371 1808568

853120 1008194 1264642 1808572

864013 1008316 1265747 1810538

864126 1008502 1265899 1811916

865956 1011577 1279529 1813957

b67207 1012407 1281306 1817054
87405 !020226 1281725 1822826

882037 1029913 1285418 1843162

887022 1021116 1295486 1844710

887825 1022881 1298645 1855570

89025 1025589 1310558 1874712

891794 i025684 1315041 1874713

892337 1030993 1318302 1881234
892338 1038239 1319040 1881393

893907 10428953 13293-  1888027

8%041 1044022 1 332966 1890550

895518 1046034 1333135 1898290
895585 1054339 1335754 1902505
8V6960 1055643 133-41- 1908625
897074 10569M2 1346755 1915150

89742 1062370 1356024 1919961
898132 1064 1360216 1923611

902174 1076219 1365473 1924385

904314 1076614 138i 35 19.3436
9052:-3 1087936 1384121 1935980

906334 1093246 1391293 1936737
913145 1093982 1395470 1938152
9i60l~- 109-460 1415"' 1944776
917032 10990 141833) 1946725

921195 1101410 14249V 1960039
025564 1102116 1426336 1969755
928-s" 1104830 1426339 !981167
934562 110831 143644 1988762

930706 1108938 1447390 1995010
931006 1110733 1451818 2002561

932:534 111 0-4 1481390 2005941

933672 11272 1494109 2029318
933692 112928,01 1505080 2039844

93395 1132478 1515784 2047420
933913 1:34110 1532962 2055179

933945 1139893 1541411 2061261
934-'_ 114653 1543-9 2061827

935551 1150111 1554755 2064452
93552 ! 153 MR 1567574 2064669
93".3 154005 1578247 2070485
939645 1100 1588795 20748- 2
94525 116P1 1592021 2076438
946115 1161812 1595717 2085230

951995 116420 1610504 2092159
955413 116'919 1618554 2092185

9570C4 1169199 1627964 2105742
957243 1---64 1645268 2118590
958189 11760 1650201 2131469

958452 118081 1651944 2136312
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~397091 .

2164971 2704416 3312125
2174165 2716356 333043

2153670 2719438 3363479 3Q7727
2196064 2721733 3363479 32 444

22nq5Q4 2723572 3364787
2217351 27311911 336535 39903
2210725 2734457 3336672 39889472738450 3385399
2236756 2745338 3413

2241689 7747356 344268 401112

225603 2757050 34342011

2251390 ~2764721 4504196

2261019 2773481 3439554 41120864
2263220 2794605 3455104 ---O36

222 927 2804925 3476201

22012815632 3479905 274
228420 2815681 3485037

_.~b641 
343748

28340 3493066 0
229-58 1423962-0

-22-923 28545 34967994014Zwoii 402

2292 28585 3537332

2879674 35432 4368

2nasa28 2849669-0 357717 "0li
29131-0 3602066 40"5

23165 2914962 3602067 40-2913

224I695 29-3941 3602602400204834 2935899 3608395 4 uO9

23_Mr18 2941800 3627056

2.1265 29424 3635320 450h5

,-1O 29W353 3659767 401fll2

2i9- 58 2957365 3662619 -W'W4
fn 2962905 3665788 40-i9

2395 3672241 4rl 639

2 0 '1 29 2 51 67550640 6 6
'06 2995939 3608321 fLM

2a973 314341 3691413

22333o22433 36982620914

1941M, - 5340913M.

2406 2023636 379228979-- 3 03294

3056301 3733916 -fOr-nj2-14360 3291849 3737694 40222

4-2 306787 3741034 1092

24 1.5 3754696 4111067

-203 3756751 9iiqC
23_05_1 3066 3782212 4i60h

2474370 3826 3 6741601

2M50 379031 4 649
3805638 412-

25002- 54 3818586 4188 4

"1 4 11490 38342424ii7

I .. aI48 I 314290

- ,.,3165f38 3838301
i_-93 -6 5 3841173 AM z

32 3 
4 938598684

213---
-83 32o 66 3862677

323740 3867814 499

303242765 3871237 -4 0

---6 0 321416 3882950 418325241_-3 374 3 3884093 1

2J610552 3248 97 3885814 4 2
3608100318 --683

24 32i140 306 3918830

2627414 3-m_5 
3937103

246 203 3 29-3949556 3754

2.4 -408 32= 952 29ii

- - 6733 32,8 396751 2 -4

26594 329929M 396 .5

=' 3 39643412 0

312914 
39759

I~~~ 
- 4 

699 930
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4244240 4283966 4329389 4388977
4254668 428525i 4331042 4406121
4257220 42,3 25 4332163 44973?
4262552 4286-75 4335627 4408530
4262840 4294"43 4341001 4410074

i266442 43t49 4342371 441111

420,780 4310079 4343203 4413860
4Z70410 4317435 4346624 4416360
4281560 4324995 4346 '73 4420070
4282947 4323472 43599-2 4421-63.
4282948 4326153 4370899
4283959 4326430 4 381038

13.55., G rnan Patet Specifications

4

Rusian ?,.tent Specifica;ions

484393
437906

13.5.5 6 Europeen Patent Speeification

EP 01570"7

13.55.7 international Patent Specification

WO 85/0055

13.56 Re.orDri%!ng Speed

,3.56.1 Ani'iors

Hentiot E.I.C. andHuguenard E.A.ii (1925)
Kareliri. V.A. (;973)
Magznus K. iv (1940)
Martyrienko Yu. G. (! 973
Piekles 3,.G. Beams J.W. (1935)
ioitenberg L. Ya. (1966)
T" '.s, Li. Langman R.W. (1982)
Wippel A.P.R. Maundes L. (1963)

13.56.2 G.B. Patent Specifications

581737 944658 2025066
717322 129'k31 2028533
807065 13C0 105 2059635
836817 1325152 2137445
839770 1508376
87277 2012998

Rotor, ing and speed co,..rol arrangemer: - air (or oiherfluid) driving means

8302-1911 196296 361672 411921
6!63-1913 213791 361836 413715
179'.2-1913 218353 364625 416813
2970-1914 220726 365190 419816
5Zi4-19s5 231229 378148 422116
101367 2.-2093 382782 425893
123836 2-.741 387366 425957
125628 261117 391111 431634
129307 271980 392163 434364
140142 28169-, 393354 440980
147271 3061)3 393695 453238
152008 340327 394412 457483
164396 351030 405513 460244

_g
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462826 544094 599607 984269

463332 545397 6U1964 990701

464263 545694 606334 1014325

466865 547208 606595 1018679

= 471217 549105 607353 1023903
471537 549S72 611004 1024764

474629 551245 617055 10 1914

475321 552550 623078 1078771

476034 553094 645408 1081795

477012 553730 684667 1083157

479243 554164 684668 1092997

479279 554199 729008 1104525

495431 562886 733678 1132779

497655 564783 764467 1180546

501856 565246 790019 1197646

504876 565351 796850 1213407

504913 565802 802776 1231069

508213 568692 832480 1270567

509178 569804 842775 127:728

510789 572201 866400 1277680

511742 574043 866916 1283869

512355 574110 871147 1284206

521160 574848 872777 1325152

523947 575281 874101 1330550

525876 579816 875754 1346558

526360 579822 884061 1349229

528569 579909 911490 1383348

529751 579991 925441 1386897

530549 581737 937444 1414297

530582 581891 944658 1497065

535270 591182 947103 1562118

538346 591405 .964446

538943 591768 964447

542963 599248 978029

Rotor driving and speed -:ontrol arrangentnts -braking

134234 551245 886063

191410 556264 9j9622

457483 579822 1580092

487589 729518

Rotrdriting and speed - control arrangements - electric driving means

26906-1911 251389 490724 581737

8952-1912 259199 497584 582301

11459-1912 273932 504963 591598

17895-1915 290670 517587 593733

101225 294691 518817 601556

102044 309924 518846 601964

110157 315966 529751 603038

119511 316380 531870 609476

128345 361836 537778 619960

129724 364625 539011 622185

130143 378148 545694 623356

134234 383164 546152 623634

140482 389819 54650' 623943

143969 405034 553730 641360

146302 428533 554594 645408

150452 434364 554595 67768

153589 441439 554596 682528

163315 448763 554620 682908

164285 453744 556244 686862

I 177153 460244 55F276 698031

179918 464315 561018 708873

191407 471217 568614 719957

206541 475097 572213 ;224924

217405 476013 575281 724428

247265 487589 578958 726849

_ 

_
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260894 O55334 1189631

729008 878939 1056;57 1197646
7296712 S79683 1053291 i198560

732975 8840%1 10)8780 1201828

733058 8C5303 1061282 1292456

73A148 885946 1064219 1219415

740349 885947 1066914 1219890

740350 886063 1069594 1225074

740785 886391 1072365 1231069
740796 b89664 1078356 1239176

741960 392969 1078357 1254385

746010 898595 1073358 1258439

/48198 895804 1084280 12'9753

75lO11 90138 108443C i27G567
752828 901220 1085498 1274599
753258 911355 108907) 1284195
756804 911490 !093549 1284492

761521 9119J
3  1003550 1292287

762301 917452 1095519 1299822

762346 921562 1096831 1304571

763750 926959 110i253 13082"5

764467 9284S7 1101'59 1?10525

764644 93!399 1101956 1312294

767069 932173 1102813 1312295

772432 923251 1103490 1315119

772433 939622 1109615 1330550

778533 941533 1111374 1331150

734576 944828 1111156 1337054

791556 945800 1111676 1340462

798107 947322 1117848 1346558

798485 950694 1134273 1349229

802776 953585 1141384 1352981

804006 957196 1141385 1356667

897292 958988 1142977 1357020

811009 960437 1144880 1364757

812875 &63175 1145795 1410580

815556 964648 1146833 1411201

817570 971613 1149068 1425092

820480 971984 1150324 1446112

825917 973122 1152447 1456883

826418 973629 1152585 147760

826419 986485 1152586 '488951

826420 988898 1152587 1505519

838383 989939 1155545 1511430
839770 990933 1156364 1520139

840395 996283 1159770 1530869

840427 1019343 1160039 1545774

845808 1010615 1160295 1553488

847278 1016260 1160528 1554204

854506 1021650 1163017 1554205

857552 1026570 1167286 1555286

857553 1029012 1168261 1 65135

868535 1037756 1175863 1589789

8"6'04 1042940 1176228 1589790

874563 1048615 1176735 2002116

876433 105191' 1179601 2005411

878029 1054238 1184087

Rotor dnving and speed control arrangements - unclamfied

332-1912 581737 686862 740796

3318-1915 629305 695671 741960

1 100393 637993 698031 748198

131992 641360 724428 751018

155638 656889 729008 752828

301278 675048 732975 756054

410839 682528 733058 761521

418377 682908 733678 764467I_ _
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764644 836817 1056528 1196401
772432 838383 1056819 1244519
772433 898804 1058780 1324458
.778533 938705 1092344 1333529

S790019 -98792i 1142977 1349229
= 791156 990933 1145795 1349322

796859 1008765 114906R 1491953
798.07 1016260 1159770 1508302
798485 1017086 1160528 1564686
814919 1024764 1174464 1570304

817570 1039695 1188067 1605164

13.561 US. Patent Specifications

1301014 4266432
3276272 4267735
3931742 4269073
4240301 4274291
4258579 4460853

Muipte roscopes mith rmr dfis.-

238631 1603352 2698867 3055223
769493 1610853 2613538 3069912
794654 1621815 2630015 3136164
807195 1639233 2641134 3176524
844837 1645079 2653481 3188870
865277 1655800 2685207 3192778
865278 1692412 2725750 3196694
940329 1713942 2835131 3204467
960838 1781746 2857767 3212342
1044022 1856436 2864017 3224513
1086242 1946657 2894396 3263507
1186856 1999897 29128W5 3276267
1226385 2104226 2928282 3282118
1253574 2109282 29414C6 3283593
1253666 2176804 2948157 3327540
1273799 2256475 2949785 3476129
1309489 2303799 2953926 4258579
1312085 2380941 2972892 127429;
1335055 2420674 2999391 4320669
1558514 2432430 3006581 4351194
1560428 2448905 3029647 4;54391
1573028 2548974 3035477 4409856
QvGroscope nith rotr dri..-

24430 1048817 131898C 1597752

99644 1067808 1319323 1605289
442461 1075770 1359333 1610930
462512 1096253 1382372 1617309

557300 1137234 1407491 1630394
591768 1143975 1410931 1640549
596231 1145025 1416038 1651845
617665 1146183 1429577 1653660

654882 1148154 1431140 1704575

698286 1164185 1440822 1718539
1175827 1464576 17647147 1192468 1469094 1778734

712709 1192532 1486261 1791755
791983 1223914 1495769 1794749

884975984952 1236504 1499602 1802108
942052 1279471 1510487 1810646
995819 1286395 1511240 1825293
1021116 1289170 1554732 1857736
1025747 1298664 1558720 1861692
1033994 1309636 1558721 !164801
1033995 1311509 1558722 1870085
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1890831 2315019 2731836 3044309
1894038 2325510 2737815 3055635
1924816 2328744 2741922 3060751
1932412 2334249 2743576 3071011
1940622 2335106 2778227 3074283
1954993 2338098 2780940 3077672
!95" i0 2344112 2786357 3078728
197. 42 2345915 2801543 3080763
175740 2353150 2809527 3086400
1978425 2357381 2815584 3094878
1982635 2358927 2819053 3097535
1982636 2364810 2822694 3102430
19e2637 2366707 2829523 3105657
1984859 2361667 2E39934 3107540
'986807 2378853 2841017 3115784
1987483 2380578 2850905 3129301
1987763 2382135 2R52943 3133213
1989826 2382967 285b142 3137966
2095112 2384838 2857122 3140853
2009263 2386686 2857534 3142182
2011453 2393473 2859625 3142183
2018735 2395447 2859626 3142184
2025194 2399539 2871705 3146433
2031286 2412173 2871706 3157053
2036288 2412481 2872812 3160018
2044183 2413285 2874576 3162053
2046735 2416300 2876643 3162951
2047186 2422120 2880616 3165972
2053183 2423269 2891407 3174346
2054055 2423270 2898552 3176324
2061261 2426554 2898765 3180223
2075797 2427549 2899945 3183725
2078734 2434488 2902863 3186241
2080490 2J38621 2911832 3187587
2086896 2439358 2918869 3187588
2086897 2445388 2919585 3192777

- 2087961 2466302 2921472 3192778
2099593 2474072 2928960 3200748
2102538 2504166 2930240 3203261
210194 2524553 2936711 3210960
2124817 2524756 2937804 32149
2129818 2534824 2942479 3125609
2133809 2539363 2947178 3226981
2135229 2547968 2948156 3226985
2137540 2567948 2949784 3232121
2138531 2588607 2953925 3233467
2142018 2589873 2960873 3238432
2157360 2589874 2960876 3138792
2161241 2595268 2960877 3240076
2163528 2605641 2963912 3242743
2176804 2607231 2964953 3241955
2180043 2608869 2969682 3252340
2181250 2609693 2971384 3254538
2193531 2615961 2978913 3257854
2198023 2641134 2979707 3260122
2207717 2649808 2981061 3261213
2208666 2652778 2982139 3262324
2209735 2666276 2982140 3263507
2219243 2686474 2985022 3264881
2247142 2688805 2995938 3264282
2249744 2691306 2995939 3267747
2253005 2698542 2996922 3267748
2272986 2700829 2997886 3273404
2273309 2708369 3019555 3273405
2292090 2715709 3019662 3273406
2293311 2716943 3025708 3274837
2293707 2720602 3026731 3276267
2308234 2727393 3027471 3276270
2311652 2729106 3043635 3276272
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3280643 3446081 3706231 4024769
3283594 3446082 3719092 403037132879S2 3449962 3722295 40364533295379 3449963 3722297 40432053299716 3451274 3726146 41470663299717 3475975 3727466 41555213299718 3477298 3738179 41693913301069 3496780 3747417 4!P99483301073 3499333 3753374 41993293303706 3503269 3763708 42144823309931 3511101 3765250 424030132113-6 3512020 3789677 42468013313162 3516280 3807238 42572803320816 3517562 3807239 42585793323374 3522737 3823990 42648523323376 3526143 3814865 42664323323379 3528300 3849896 42677353324731 3534617 3854341
3324417 3535941 1862732 42717093339420 3540295 3877317 42742913339421 3545287 3878730 42803663344676 3570282 3886803 42815553354726 3596523 3898668 42839593357242 3603161 3898889 42978833358514 3604277 3902374 43053043359806 3606793 3906804 43206693363472 3611815 3908470 4323653365958 3625070 3915416 43466143365961 3664199 3916060 43511943373499 3670585 3931742 43543933393569 3672235 3974702 43578373412618 3301073 3982441 43666153A20111 3673875 39S5034 4380108
3434354 3677098 4000660
3434355 3702569 4003265
3442143 3703831 4021716

13.57 Rotor or Casing, Pendulous ikhen Stationan. Non-Pendulous A hen Rotating

13.5ZI Authors

No Entries

1.3.57.2 G. B. Patrnt Specqicagions

511742 682528
542565 707660
549944 733678
556264 944828
582301 950694
655536 996283

13.58 Tho or More Rotors in a Single Gimbal Frame

13.58.1 Authors

No Entries

F ~13.58.2 Gi. attent Specificaionls

10440-1911 108149 135871 16159526906-1911 110369 137:59 1668005963-1913 112636 141139 179918 811827-1915 114441 148963 18665513280-1915 127830 148965 18798516098-1915 131990 148981 209052100490 132816 148989 22t006107572 132839 160868 221200
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274268 544786 807292 957196
290670 546329 811009 972762
291047 549312 820480 980529
308584 559895 826418 1018679
315966 579991 826419 1034314
322098 627123 839024 1050530
331956 630657 854360 1071371
351030 637993 854506 1173564
371235 657668 866916 1263424
379134 657670 868535 1299822
382343 663437 876433 1425092
435353 706434 884061 1428908
439630 713511 895999 1484793
444715 732975 918524 1521638
462826 733058 924093 1564686
511742 740796 935976
539011 769247 941533
544094 791556 942826

1358.3 US. Patent Specifications

796893 2188606 2752793 2985023
874255 2190390 2758478 2986944
1016240 2242806 2762123 2989672
1050153 2302894 2770452 2995318
1066860 2315500 2771779 2996923
1083370 2320354 2786357 2999390
1150311 2342655 2801544 3001408
1232619 2350303 2811043 3004437
1236993 2371368 2311047 3005352
1309591 2381160 2811785 3020537
1309592 2395250 2821087 3023617
1310862 2403658 2845800 3029646
1310862 2409875 2846889 3039316
1324477 2412614 2848898 3048352
1324478 2414291 2865207 3050995
1330503 2419948 2871703 3052129
1363861 2432613 2871707 3056303
1368226 2441556 2879670 3068706
1429588 2478839 2883863 3069912
1442799 2505021 2886897 3071012
1446348 2507451 2889710 3071977
1452482 2512279 2893248 3075393
1465532 2517612 2898766 3075729
1501886 2539772 2899882 3078727
1529720 2550220 2900824 3104545
1545812 2559094 2906128 3122842
1548441 2566305 2912865 3127774
1573343 2577313 2935942 3131569
1612405 2586469 2936627 3142994
1655247 2591697 2944426 3143892
1687970 2592643 2946539 3143893
1732677 2603003 2948157 3158340
1735058 2606448 2949780 3162052
1801329 2608867 2949785 3163039
1801948 2620669 2953858 3164340
1869840 2630017 2953926 3165927
1930082 2631455 2954700 3192778
1931191 2637914 2955474 3193216
1932210 2643547 2958522 3214983
1947562 2667705 2959059 3220266
1950517 2707400 2960878 3226986
i964869 2713134 2961877 3229533
1973042 2728979 2963242 3229534
1988458 2729107 2963243 3230779
2008058 2729108 2966063 3232122
2137974 2732720 2969681 3238793 -

2158181 2734280 2970382 3238794
2162482 2752792 2977806 3238705

- =
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3242744 3335614 3492735 3762062
3258977 3349630 3493194 3784363
3264883 3352164 3496781 3790766
3266325 3355953 3498476 3805625

3269024 3355954 3509765 3811329
3269195 3377854 3517563 3918309
3272017 3398586 3531998 3931747
3272018 3404571 3540289 3979090

3277728 3424010 3548507 4020702
3280644 3424401 3552216 4021716
3282118 3428789 3563662 4094200
3282119 3438268 3575093 4125017
3285077 3439548 3584513 4152942
3296872 3451275 3597598 4179818

3296873 3452948 3612160 4180916

3304788 3455172 3616699 4193308
3308670 3456512 3638502 4258578
3310986 3456513 3640137 4275605
3318161 3476129 3648525 4280188

3320819 3477298 3691853 4292854
3323380 3481208 3701200 4361055
3327539 3483760 3739646 4387513
3329028 3489004 3741500 4399714

3329375 3490281 3742770

13.59 Damping Oscillations

13.59.1 Authors

Bloch A. (1964-65)
Carrier G.F. Miles J.W. (1960/63)
Filatov V.V. (1973)
Klimov DIM. (1958)
LetovaT.A.(1965)
Parks R. Maunder L. (1961)
Potapov AA. (1969)

' Sergeev S.1. (1966)
Sneddon I.N. (1976) see p. 521

13.59.2 G.11, Patents Speciications

340327 612571 918197 1280776
425890 845808 923406 1557528

488601 856374 1096170 2005411
549041 873544 1171719
587714 889385 1254385

13.59.3 US. Patent Specifications

RE 24741 1773412 2328744 2512902

RE24829 1866706 2349287 2515274
944511 1988591 2365727 2518632
141099 2013109 2380079 2519459
1162125 2025423 2389775 2520929
1183530 2025640 2395940 2534963
1183745 2046723 2404172 2537844
1308693 2100833 2411550 2544767
1309409 2158048 2412453 2569311
1330501 2190698 2417282 2584222
1407320 2226902 2426213 2585024

1586070 2236340 2432430 2592092
1642087 2242253 2457150 2595268
1655247 2246738 2457228 2599539
1685762 2257730 2464516 2602239

1686524 2279625 2466440 2612692

1713942 2291612 2510068 2625825
1730967 2299663 2512342 2662513
1751110 2303454 2512746 2662514

_____________
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2667078 2945380 3237459 3548664

L 2672054 2948155 32 35649
2690014 2951373 3241376 3577646
2690014 2951374 3249321 3582019
2693723 2951375 3250136 3588001
269946 2952337 3252339 3591108

2951371 3592066
2712757 2955471 3257853
2712757 2955472 3258976 3596359

271819 295547 3260123 3596366

2718788 2968953 3261212 3597983

2734384 2983151 3276268 3608383

2752684 2984114 3286109 3618403

2752791 2984727 3296873 3637169

275401 2995940 3303707 3653267
2754501 - 310987 662609

2766626 3031892
2766627 3037150 3311326 3685770

2780940 3060752 3313163 3716206

2795957 3070192 3324732 3728900

2797581 3071011 3330520 3730457

2802279 3074283 3336812 3784363

2805578 3075393 33A0739 3786685

2822694 3079803 3347104 3806062

2825228 3093205 3352163 3877316

2829521 3113594 3353414 3877462

2834213 3110326 3353415 3890718

2836070 3123330 3355943 4043205
2837923 3131903 3396587 4095484

2839932 3132523 3397851 4099696

2839933 3132524 3403191 4126046
2846888 313d265 3406575 4144769

2851886 3136163 3406576 4159502

2852941 3142181 3415479 4161237

2859624 3156121 3417474 4189947
2864256 3162396 3420110 4193308
2865206 3166942 3426980 4198863

2876643 3167966 3430276 4222278

2881868 3172213 3442142 4236414

2887885 3176800 3443321 4240302
2896455 3183724 3464290 4242917
2898538 3186240 3479888 4246801
2899828 3203259 3496202 4255979

2900823 3212344 3497164 4266431

2901703 3214980 3511452 4270393

2902863 3220265 3515007 4352481

2919585 3222936 3523458 4355540

2932546 3222937 3526144 4375726

2937532 3232635 3535941

2937533 3236108 3540294

13.59.4 European Patent Specification

EP 0122745

13.60 Datum and Scale Indicators

1-360.1 Authors

No Entries

13.60.2 G.B. Paient SpecftItions

793173
795053



Dagm ad SaleIndcatrs(Indicating nwans inding OPtical pOintersi

3964565802 
718484

973741911 3965 56682 3 726627

15669-1911 0035713731737
19162-41715,5351913 411921 73 8

41490314 574043 734148

24847-1914 415277 578958 737236
53777-1915 416813 579991 751018
1061704115504 1518

120942 4116 502 51

123438 418377 582541 ;05

125096 419816 583068 794

125628 421079 583366 779

127007 422116 590496 790019

1227425111 
591182 802776

425890 591400 805947

127703 4280592500 8060571
127830 426185 5S93'35650

1235437355 
595990 84042-7

129724 43715992149 865344

130143 441130 1599605 876865

131990 442991 -854

1331 445586 599607 854

134374 453238 599665 885947
455214 604208 886063

139474 4543605058 892453

139771 461257 607349 900933

140142 4686608782 947322

140482 4336081985324
1422616099971

142894 464193690 99070

145432 471093 6138990740,
145460471217 612571968

1467 471895 616374 10082-

473148 670
1-51154 6171083 10016912

150452 ~473688 693 042
1553 474629 61994-5 1016260

1564475321 619960 10159

160316479279 622185 1087

16496 485043 6230781067
191 48631-5 624564 1032473

18659489232 624947 1043
18795 494 3159 62 -5415 1037 0

191676 4958 6286 1068420

196296 497952 6266351042
169500462 62-9305 1069566

219631 502629 6369521026
213751 504753 637993 1835

217405 504876 638972 1100524

218953 502639211083901
239043 5217 638983 1117848

246741 5216 6413 1132948

248583 522208 629 176

281694 640311579665
292051 523947 6436131620

294091 502 4421196425

301278 535270 6520511234

301571 53176518120736
309150 ~ s~t8660030

539011 6634371285

33162 544094 666432 1231069

31519 544786 666615 1247785

5r,4 6 32 9 668310 12706

345127549042 
670983 1- r9

349026 5579682766 12-84700

35172551169 68981301781
I 3590711 ~ 83646 1323864

368368 553730 684668 1396163

382782 555177 7089691109

3940556264 712-888 1411201Wi
391111 1'

393354 561018 7i35111470

E 393695 56288M6 71 73221559
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1564686
1579920

13.60,3 U.S. Patent Specifications

3301074
3371542
4553440

13.61 Correct Operation and Understanding Errors

13.61.1 Authors

Blokhin AIN. Saprykin A.P. (1978)
Bachkalo B.A. (1974)
Crawley J Maunder L (1964)
Chelpanov I.B. (1973)
Forder P.W. (1985) (relativistic effects)
Getmanov V.G. (1978)
Gilstad D.W. (1973)
Goodstein R. (1959)
Gubbins H.L Barkel DJ. (1974)
HunzJ.C. (1983)
Joos DJC. (1978)
Kostrov A.V. Rivkin S.S. (1969)
Krogmann U. (1978)
Lunts Ia. Li (1969)
Magnus K. x (1959)
Odintsov A.A. i ii (1974)
Ogawa K. etal (1973)
Pavlov VA. (1961)
Pavlovskii M.A. i ii
Pavlovskii MA. Petrcnko V.E. ( 1980)
Pavlovskii MA. Zb.utskii AN. (1976) (1978)
PotterJ.E. (1973)
Prentis JIN. (1961)
Read RS. (1963)
Roitenberg E. Yu.. v (1960 vii (1960)
Scheiman G.E.(1969)
Schultz P. (1976)
Tereki I *,hatvani L. (1982)
Vlasov Vtu. B. (1974)

13.61.2 G.B. Patent Specifications

687135 880299 1029012 1331150

717322 %95999 1057743 1339683
723377 911490 1061769 1346558
778533 917168 1066914 1425854
798485 925219 1075221 1508376
804006 925576 1081503 1511430

810279 926959 1089070 1553488
820480 950694 1096831 1557528
844948 957163 11.0324 2014309
857552 964648 12 4Z287 2019617
865642 983658 1299031 2113430
874101 1019720 1308205

Detices Indicating Correct Operation

130095 645408 731737 964648
131992 708969 745186 1061769
133714 173 751403 1092162
141139 726627 761521 1092344
143969 726849 831336 1096831
152008 726890 860171 1097682
419816 729008 944828 1103621

530582 729518 954312 1134273
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1146833 1308205
1173564 1346558
1176228
1176735
1292287

1361.3 U.S. Patent Specifications

3368411 4088031 4269073
3540294 4126046 4270387
3731543 4189947 4351194
3965753 4266432 4354393
4026160 4267735

1.61.4 Genan Patent Specificatns

2363525-

2366101
.27464

13.61.5 Russian Patent Spcdfitcarians

442375
532052
534015

13.61.6 European Patent Specificaton

EP.0127843

13.62 Pick-offDevices

13.621 Authois

Monopoli RN. (196 1)
Vyce JA. (1965)

13.622 G.B. Patent Spedfication

560472 879533 1069080 1486189
591022 827112 1086539 152G139
599826 938705 1104525 1564105
612507 940790 1150134 2061515
743251 953407 1152585 207995 4
751018 971613 1312294 2113430
793649 980487 1314304 2176283
841944 988898 1364055
867866 1047999 1399607

13.623 U.S. Parent Specifications

2200431 3045197 3807239 4143466
2381645 3378729 3811328 4361760
2490735 3097299 3813949 4361054
2737054 3154952 3905244 4296639
805677 3252338 3918310 4329884
2856778 3320816 3915019 4339959
2925590 3608383 4068533 4355541
2986944 3779087 4074580

Gwroscope with Pick-off

1236993 1419010 1621835 1959144
1295003 1446280 1639233 1959804
1118196 1500860 1745990 1982442
1324477 1529720 1801609 1992086
1335055 1592081 1860230 1998948
1392378 1597788 1900709 1999646
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2008058 2553268 2951378 3429190
2041526 2562690 2956436 3438270
2089987 2602239 2968957 3442143
2103741 2605368 3005351 3444744
2115578 2620570 3045197 3452444
2137974 2633028 3058358 345260,
2162482 2641134 3122937 3456511
2183133 2644901 3123818 3456512
2195351 2690014 3125886 3463016
2200431 2691306 3142993 3469458
2228367 2697218 3149276 3470751
2237071 2704457 3162804 3475971
2320354 2709922 3177727 3477298
2345071 2712757 3194079 3479889
2361458 2713727 3198021 3481207
2363495 2718789 3209602 3489017
2381160 2722:25 3218872 3498144
2382993 2725750 3222552 3505882
2385203 2730664 3224281 3509779
2386176 2753718 3226711 3512264
2389158 2754465 3239673 3517562
2393473 2754789 3241377 3522395
2401337 2779214 3250137 3526144
2403874 2785573 3252340 3521108
2407657 2787909 325897 3533297
2409634 2797376 32601:2 3540289
2414102 2 98995 3261:13 3540293
2416646 2X02918 3262324 3561129
2417689 2814743 3276271 3587330
2421247 '814955 3277727 3610051
2425733 215584 3277728 3611785
2429612 221859 3279263 3613457
2434488 823326 3285076 3614895
2440189 2841751 3286533 3657918
2440713 2846891 3295379 3702078
2450874 47664 3307412 3722297
2456619 2865205 3307413 3732739
2461521 287r618 3311326 3741020
2463095 2178006 3313162 3782205
2463498 2881618 3319474 3787100
2465311 2893247 124731 3790235
2478956 2904911 3338105 3813946
2480574 2928667 3345520 3815428
2484022 2929250 3347105 3883788
2485953 2933925 3365961 3883957
2488734 2942475 3377872 3968352
2501885 2948155 3379889 4111562
2511178 2949784 3412472 4189946
2537844 2951376 3425015 4258577
2539772 2951377 3425283

A Optical Pick-off
B Pneumatic Pick-off
C Conducting Liquid Pick-off
D Electical Pick-off
E Elecuical and Manefic Pick-off

A
1972882 2954700 3228628 3328595
1999646 2959060 3238791 3355953
2200431 2968954 3254537 3367194
2392473 3071676 3270567 3373616
2470773 3084560 3277304 341126
2512598 3097299 3292439 3417627
2534824 3142183 3301071 3422686 -:

2856238 3154953 3304788 3439170
2856778 3200510 3313161 3439547
2942479 3205718 3323375 3442144
2948813 3226982 3323377 3449961

_ I _
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3457794 3585877 3813949 4068538

3499332 3592066 3877317 4155521

_51_96 3596523 3905244 4170904

3501967 3603161 3915019 4264852

3528299 3628385 3924475

3531997 3703832 4027540
3565495 3798976 4036453

B
1419810 2709921 3354727 3604277

1521132 2852942 3362233 3610053

1592081 2871704 3362234 3610054
2129586 2960873 3382726 3620089

"00196 3021714 3386293 36250692227371 3139758 3410143 3625070
2237077 3165282 3416378 3672235

2".4117 3187498 3435C88 3702079

2315167 3250497 3446082 3747418

2345169 3265335 3451289 3811328

2423749 3267747 3465600 3933051

2428345 3-76270 3485106 394691

2498285 3311987 3486384 3974702
2569676 3320816 3492879 4000660

2584125 3323378 3509778 4088031

2605093 3340740 357-788 4297905

C
RE2195 2478956 2871703 3226984
11 2713727 2947177 3" 91N

1655800 2720115 2953027 3299716

1689M70 2780940 2973413 3362 2 i

1763806 2795957 2998728 3428789

1887318 2802918 3026731 3430501

194 237 2825-2b 3060751 3543587

2041526 2825789 3083578 3704406

2417573 28342-14 3142991 3704407

2427130 2834215 3200653

2446180 2841016 3208228
146020 2868023 22-608

D
1 4128 2677514 2909831 3148550

1324478 2701875 2911832 3158033
1446348 2703935 2919585 3160918

1558514 27,07401 2925590 3176523

1981687 2715709 2925736 3188540

22876 2723813 2937533 3191445

2278379 2746301 2948156 3197756

2119'87 2752791 2951326 i2297
2368644 2766627 2951373 3225607

2410473 2785573 2951374 3226983

24231270 2790119 2955473 32347-98

2438-106 2794345 2964952 3240860
2464592 2804776 2973650 3241389

2472824 2810843 2976736 3251235

2477574 2817240 2978622 3251238

2479122 2822695 2982139 325-2339

-284022 2829522 2991659 3261006

2509446 2837924 3052832 3263506

2547968 2852943 3058359 3267746

2567682 2856779 3060752 3270566

2570298 2879669 3078728 382081

2M92417 2887636 3078729 385026

"I9'9-1 2893246 3082628

f0 310 2894395 309535 0

26' 502 2895098 3107540 33099

2615469 2902-803 3135121 3320817

669126 2908168 3147627 3324732
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3327541 3505883 3882731 4098564
3350947 3522736 3883958 4111067
3354726 3524356 3886805 4121143
3359805 -3524357 3891285 4143466
3359806 3526145 3902376 4150579
3363169 3545287 3906804 4158312
3375722 3557629 3908470 4170904
3394597 3559492 3918310 4179087
3413859 3608383 3933051 4217787
3430500 3664199 3935644 4255978
3434353 3670578 3951000 4258577
3439546 3670585 3954026 4267737
3439556 3678764 3955428 4281555
3440889 3779087 4019392 4320669
3444745 3787756 4061043 4329886
3482455 3802276 4068333 4335927
3483761 3815428 4068909
3490297 3824865 4074580
3491453 3847028 4095477

E
2697218 4167296 4257280
2719291 4170904 4259871
3891285 4185797 4266432
4019392 4189948 4267737
4152942 4191346
4158312 4240301

13162.4 Rusian Patent Specification

596825

13.62.5 European Patent Specifications

EP.0009347
EP.0207907

13.63 Balancing

13.63.1 Authors

Beaulieu A. J. (1973)
Den Hartog j.P. (1963)
Kear F.W. (1960)
Kovalev M.P. et al iii (1965)(1962)
IBM Technical Disclosure Bulletin
13 No.6 (1970)p1483

13.63.2 G.B. Patent Specifications

548826 603038 1284195
568499 612357 1340462
570170 655151 1476573
581991 1015681 1564105
593231 1156637 2007840

13.63.3 U.S Patent Specifications

1180815 2826918
2118770 3147624
2618159 3285076
2650502 3935746 0
2714311 4003265
2735305 4028524

13.(a4 French Paten Specification

= 2363780

• Il
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13.63.5 Russian Parent Specifcations

462098 - 588481
515954 664074
552505
567982
577419

13.63.6 Eurpa Patent Vpedfi cation

EP. 0161153

13.64 Te~mperature Variations

13.641 Authors

Banby R.E. ii (1961)
Marshall R.E.Jansson R.M. (1960)

13.64.2 G.R. PatentSpecifcations

163315 511745 594465 1069594
164285 542613 631294 .084456
237366 544728 633942 1179601
388!69 561297 977873 13067921
391111 574582 1018509 1557528*
474020 579909 1025325

Temperature turiaions, compenisatizg for or prev.eting

15669-191 550769 7646'4 885303
2120-1913 561297 791556 886063
170947 566655 798089 911913
387366 574582 798107 918197
388169 579909 812875 958988
391111 594465 8155456 959258
425954 603427 825917 960437
463332 616374 845808 973122
466864 630657 847278 977873
471537 640562 852562 938658
474020 706434 856374 996283
511745 740349 86?535 1024625
537777 740350 876433
542613 740785 878029
544728 753449 879683

13.64.3 US. Parent Specificaions

3004436 324007.1
3112651 4603483
3132523 4651576
3186240
3200653

13.64.4 European Parent Specification

EP. 0142937

13.65 Unclassified (Testing)

13.65.1 Authors

Matasov, A.I. (1985)
-A

*extensive prior ant given.
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13.65.2 G.B. Patent Specifications

2455, 564752 964648 1086299
271528 57A257 1008375 1094396

526279 612357 1053077 1095519

547022 635192 1054238 1096831

558374 756504 1061769 1173564

562688 880299 1064219
565382 957163 1066450

13.65.3 U.S. Patent Speciftcations

2468137
3077760
3194051
4646255

13.65.4 Rustsian Patent Specification

676868

13.66 Horizontal Gyroscopes

13.66.1 Authors

No Entries

13.66-2 U.B. Patent Spec.fcatians

%-o Entries

13.663 UIS. Patent Specifications

195860 1707475 2292090 2968956

392246 1736039 2334002 3212196

812587 1741736 2401160 3386179

875036 1749059 2405047 3452444

1092816 1801947 2478956 4267737

1197134 1825345 2588607 42756'4

1279471 2129586 2609615 4283960

1358258 2219964 2677194
1695774 2274443 2940318

13.67 Vertical Gyroscopes

13.67.1 Authors

No Entries

13.672 G.B. Patent Specifications

No Entries

13.6Z3 U.S. Patent Specifcations

157053 1522008 2176203 2874576

366438 1524788 2188606 2886972

464806 154372 2190698 2968955

595820 1586070 2200196 3193216

640051 1586071 2249744 3196694

678757 1679354 2270876 3226986

9190=4 1709314 2293039 3238792

1141099 1726643 2315167 3311326
1313532 1731776 2378744 3455172

1342397 1932210 2405058 3466935 - =

1380335 20278C8 2418032 3498145

1393845 2041526 2437251 3543587
1447685 2133793 2590207 3587330

1480637 2162698 2745091 3604276,
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3606794 4088031
3648525 4158312
3664200 4266431
4043614 429412-8
4061043 4297905
-41068533

13.68 Self Excitation of a Gyroscope

1-3.69.1 Authors

Arnold RN. MaurderL (1961) p 196 ciseq.
Leimanis E. (1965) sep 136
Miagnis K.vii (1975)
Maunder L Mi (1964-65) see p 13
Morante A.B. (1968)
MerkiriDX.ii (1959)
QuartlcyAL.(1957)
Smor'nikov B.A. Stepanova MYV. (1981)
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A4. TIRE GYROSCOPE ININAVIGATION

14.1 General

1411 -Authors

Bogdanovich M. Mct a!(1961)
BuLgakovB.V. (1969) a reprint of his important paper of 1938
Dubois F--1ii iii (1872) (1884)
Ishlinski . III. iii v iiiA (1957-1959-1965) iiiB
Ledie A.(1872)
MaunderLv(1968)
iNitusova. '(19712)
O'Hara f. (1951)
Rivki 5.(1965)
RvabovBA.(1963)
'Tomson l (1884)
Topebert D.G. (1950)
UsencrH.0(917)

14.2 Gyromagneic Compass

14.21 Arthors-

-No Entries

1422 G.B. Paient Specifications

9737of 1911 571036 638972 874992
125791 5716-22 638982 877270
306764 574848 6389,83 F95576
404994 576412 639391 900933408121 586506 642093 930695
422116 586507 642649 934430
440980 5879145 655138 942060
461257 587932-, 668401 942772
46686- 591019 6684311 955911
466865 600165* 671411 974675
468672 600186 676005 1027230
490162 600189 681926 1043597
501836 600605 682766 1043597
505495 601663 685480 1fl58755
505715 601971* 690011 1126463
505900 603448 691846 1288290
505901 60,-646 711078 1332168510789 6069,55 713289 1339070
513624 607117 723486 1358417
520286 612307 747207 1416967
5223484 612388 749012 1431432
529459 616538 756637 1480652
538346 619525 769442 1512788
538943 621014 772090 1555286539225 624201 794076 2-057127
549042 624406 806083 2056685
553178 627978 827199
554595 627979 850692
5593 27 631794 854732

Gyro- -agetic comnpa-s

270006 405121 466864 45.^!2298934 419934 466865 501856
366058 440980 473799 504753
366764 444393 475372 505495377262 444827 482389 505715
404994 460491 487299 505900)

*historical review Cec
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505901 580445 622185 711078

510789 586506 624201 732975

529459 -586507 631794 733058
535211 -587925 638971 756637538346 587932 638972 769442
538943 600186 638982 790031

539225 601131 638983 812294

542529 601663 639391 874992

544786 -606646 642093 £77270

545284 606955 655138 900933
546329 607117 676005 942060

554595 612307 682766 1126463
565351 621C14 691846 1416967
576412 621018 698033 1512788

1423 U SParSpefcaitio n

1617 2451230 2959866 3911255

2357319 2561367 3091127 3967384

2361790 2574471 3559493 4010549

2 2852859 3331286 41809161_1614 878
2415813 2887873 3837086

14.3 Earth Inductor Compms

143.1 Auahors

No lies

14.2 G.B. Parent Spectcations

194686 507965 588482 662832

298934 539817 601971 668431
314786 549028 619525 685480

342038 549528 624083 690011

366764 550779 624406 695880

389819 565351 627978 756085

396547 569839 638972 790031

400040 574848 638982 794076

506458 583366 662831

14.3.3 U.S. Parent Spe4 icatiolu

* 2176197
2737054
4013946
4197655

Direction Indicators

34298 1610930 1973042 2086898

366938 1612405 1974220 2092032

i 464806 1617310 1975740 2093417
595820 1628136 1981687 2099705

640051 1642C87 1982851 2105148

741683 1655247 1996895 2106194

841612 1688559 1996896 2111388

877034 1727460 2000524 2114479

940329 1851536 2001038 2129586

1031769 1857736 2005379 2133489

1032022 1860345 2008058 133809

1067808 1880994 2015650 2136944

1124068 1901567 2018735 2166920

1324128 1903710 2038537 2173228

1342397 1922976 2047922 2:75165

1451928 1924339 2052866 2178623

1489512 1924816 2061894 2180221

1493473 192940 2069285 220196

1522924 1937336 2075797 22)3708
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2203824 2405058 2704457 3463909
2208207 205341 2707882 3475975
2208666 2411087 2730813 3480766
2210090 2416646 2735191 3487553

2214538 2427130 2745091 3491228
724271 2811785 35097652219267 74.15S

2219964 2433837 2816448 3518016

2220457 -243751 2823464 3543587

2226191 2443076 2847664 3577646

2227529 2470482 2854763 3597598

2249373 2478956 2857677 3633003

2261945 2511869 2864174 3731543

2273876 2512598 2882718 3806865
2292451 2513329 2958953 3816935

2293039 2519422 2988818 38498962293....39 3883957 "

2293092 221 3019532

2303641 2533686 3032886 3889387

2315500 2548918 3142183 3911255

2321543 2555328 3197881 3930317

2324157 2567053 3197882 3938256

2333984 2567682 3199207 3962797

2334116 -69473 3239166 3977087

2335876 2572827 3250497 4020491

2337602 2609615 3253472 4027540

2345915 2611190 3363169 4071959

2349757 263302 3365147 4143466

2360399 2637914 3371542 4158-61

2360935 '642885 3386170 4180916

2366543 2655046 3391568 4197655

2368221 2666199 3392698 4218827
2368628 2666268 3394596 4244116

2383409 2667698 3423051 4370815

2384452 2674049 3426592 4373126

2387104 2681576 3436967 4384409

240387 26-8805 3440889 4393597
2404603 2699611 3453894 4416066

2405052 27-0106 3460486

14.4 Gyx compa

14.4.1 Authors

Agafonov S.A. (1978)
Allington PJ.S. ( 964-5)
Anon. Arma Brovwn (1963)
Anon.(1926)
Arnold RIN.Maunder L (196 ) (Chapter 10) p.2 2 8 -2 6 5

Anschutz& Co.(19)
Arthur RJ. (1967)
AuboIPJ3.Btal(1968)
Arnold RN. Maunder L (1961) (General)
Bache P V913)
BauersId W. (1960) (s Magnus K. (1971) p.41 4 ctseq)

Barnett D.(1964-5)
Beghin H.(!1921)
Braddon F.D. (1960)
BurgerW. Corbet ASG.(1964)
B)Td RE. Saunders H. (1914)
Cichindaze M.V. (1975X1984)
ChalmersT.W.(19

2 0)
Chelpanov i.B. i ii (1962X1973)
Chmyak E.B. (1971)ChristophP.(1974j 

- =

Collins F.A. (1,907)

Crouse G.B. Bloomfield N NJ(1920)
DingerH.C.(1911)

rnDmiuevA.Yu.etal(1977-)
Dubois E. (18721897)
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iphilnssoiieGKC.41911, 1912)
Ford ILC(1914)
Foz'C~ (1-949)
Fredericks k.C(191 Iy
OcklcrJ.%W. (1935.1933)11
GiIlmor R.E i i(1912)

- Korolct, V.D. (1966)
IClinkcrr3. (1 973)
Knudsen A.W. (1 973)
KoshliakovVY1.lH iii vvi (t 1962y
Kiumpo zaIn (161)
Koslilymk ov'V.N.LIvusin Yu. D. Chi chinadaze MY. (19 73)
Ledieu A. 1872)
LeznaireP?.(1911)
Iiashenko V.F. (1962)
MagnuslK.v (197 1) (p399.41I)in Gennani
Marchand H. (1911)
Marticanssn 0. (1906)-
MannYukANA. (1974)
Merkin D.R. iv (1 963)
M o u re L (195 3) N.BD. NIo urfej
Ncstercnko T.G. (1976)
Nituso F N. (1972)

Nultonl..MI.(1915)
Onishchck Si. (1 969)
Potemkin A.E.(1979) (1984)
PcrrvJ.iv(1908"
Piracaulvt.(1912)
Rabinomich Yu. 1. (1969)
Reid RE(1984)
Richardson K.T.(1954)
Ra%%tlinpsAt (1929)
Rellennman 0. PlIcidcr E.P. (1959)
Roixacrwg EYa. iii iv %;! ix (I 959-66
Roparri.(1961)
SchulerMN. i ii ivvvii zof (1909-1935)
Schultz P. (1 974)
Shulman 1.Sh. (1975)
SperryE.Aiv v ii xii (191 1-1913)
Thomson WV.iii (1884) (Lord I-eivin)
TokaeEN.(1961)

Vlasitlenko V.P. remchenko ME.
Vasilov S.M. (1983)
VoroshilovaN.IV~c: at (1974)
%VattG0..(1964)
Williais H.1907)
Zhbanov Yu. K. (1961-73)

14.4.2 0.8. ParrnSpeyafn - Gjra.Co'w

1184of 1856 10382 of 1908 12-959 of 1914 142
2676o! 1857 22602of 1909 '22379of 1914 124533
6942-of 1884 235750! 1910 '2847 of 1914 142
8394of1884 9691 of 1911 565 of 1915 125660
1122of 1889 9737of 1911 1240 of 1915 12-675
1031 of 1890 10440of1911 16095of!915 173
3587of1899 15669of 1911 1'7725;of!1915 1282316
25984of 1903 14339of 1912104 129708
2695 of1906 27739of 1912 104191 12972
10184o!1906 290820! 1912 107721398
l0185of 1906 26068of 1913 108149 131990
15942o!1907 261600! 1913 112636 132816
20562o! 1907 2735o!1914 114441 132839

deals itith Geckdiesequailom
-rcfcns to some early Germanpawcnts
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137059 303229 629104 102315

137205 308584 629150 1095131

139142 309860 635192 1098827
139474 309910 638971 1111456

148374 319250 668401 1117848

148963 320355 691846 1152447

148964 .30380 706434 1176735

148965 331956 707446 1183034

148967 331972 707518 1186642

148981 342880 70873 1196425

148963 346466 713511 1203841

152019 353296 717470 1207660
152226 367692 751142 1224512

15358sh 371807 772432 1224992

153589 397654 772433 1259753

15,4618 405034 776610 1275864

157986 414903 798089 1280652

1611868 417995 801636 120776

166570 433494 804372 1234492
166571 435399 805038 1319398

166868 448763 807292 1339683

166906 460244 808075 1385819

17L1947 461257 811031 1396163

172029 461424 825917 1400488

175292 472779 825918 1410895t
11425 825919 1413745

179918 504726 825920 1424588-

180413 505007 829169 1425092
1883 507643 839024 1469123

206541 509178 885946 1505519

209052 509602 885947 1549043

210062 5-9011 902264 1564686

215594 542529 923406 2011617
18358 -44094 954312 2111202

229869 547440 957196 2057127
244843 5S3786 985324 2070244

245546 597188 10096 2090973

247265 600661 1016260 2094975

255745 603430 1030706 2100428

265554 612723 1032473 2104217
260267918 i039106 2111202

2718 620042 1048615 2139350

290392 627291 1057743
OO670 627686 .068426

2990 627969 1069566 
4

Gqrrpjwss- atdingorredudingballiClcfml5

131987 275182 509178 804372

152090 290392 509602 811031

159604 290670 547440 839024

175292 303229 603430 885946
179918 309910 612723 885947
188390 309924 663437 959562

210062 319250 707446 1098827

215594 371807 708873 1425092

218358 448763 772432255745 472779 772433

265554 504913 791556

G)¢o~o --aoding or reducing damping or ladrude Cmrto

247265 612723 1183034 1410895

46q244 791556 1207660 1416967

474718 - 804372 1224512 1554204

482215 825917 1224992 1554205
504726 825919 1396163 1555286

603430 -1032473 
1408 1509

o0L
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10440-1911 131987 166570
26160-1913 13199 175292 M
2735-! 914 -137059 188390 772432
100951914 139142 209052-
144,&1914 139474 210062 X9155616098-1915 148374 269042 851

IC00490 148963 308584 88_904
107572- 148965 353296 1390163i
108149 148981 507643 I--

110369 148989 539011 1425W2
12566 164221 549312 157663

Cw coinpasse-ot ding -xor rduaing veed ad corsnr von

f 5679-1911 210062 583786
24847-1914 218358 693410
135664 255745 663437 nm3
145461 -15,q646 78107
154618 330541 804372 11
1!52;t 371807 2591724

175292 3,83164 t 9 9 -5
179918 433494 939024 4612
18890 461424 1009169

112636 3503229 597
126451 460244 54404 7 -

17986 482215 553194
W66570  504912 606335 7.y

67505007 .0

1128-1911 18839 2907

14Ar9 192381 395
125660 8206541 3532- 80 _-
129708 2005 367692 9 19A
131987 210062 371807 106956
13550 215594 383164 18I0S,43-
1520 2135498 44863 1186642
13589 22969 460244 1207660
157986 258-646 47279 1224512
1596 265554 479279 1564686
166570 2690412 6815
167 1 275182 5078
179918 2906392 5470440

Gwyonzpa- trrhnzowsnem of the mr axisabaiike meriia damped hrphnted bafl rgishermic ornerjon to

15669-1911 3485174
26160-1913 6 6343

12~~~~~566 -2-4 1520 8069

1598 1186642
215594

1'~ 342880

t - Gneom-passes- withmno mco of the ratorki about thce ndan pedby uxiamid means

9737-1911 215 175292 58
-27739-1912 106170 - 179918 6031430
6570-1913 127055 180413 607145
11988-1913 127830 405034 612723
26068-1913 137059 -414903 6-72V
22379-1914 148967 435399 632908
16098-1915 166570 -04913 751142
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791596 1152447 1259753 1555286839024 1175863 1280776 1564686

9-5324 1183034 1410.95 1579920
1069169 1196425 1554204 1580092
1037106 -1227130 1554205 2002116

1240-1915 706434 8S6063
127055 707446 1032473
166868 7O873 1095131
206541 798089 1207660
346466 825917 141C895
405034 825919 1555286

14.43 Us PzwamSpcd

130%36 3229376 4U0623 4283960
192 5135 3292269 4143466 4471665
2677194 3296o23 4155261 4504857
273428U 3373617 4214W2 4530164
2811 7 345-443 427604

113666 527 186606 215864
122 82 1625361 17315 22577350
1242065 16261M3 1972882 2363500
1'-S 1647419 197425 2342655
1279=71 17-2531 - 19894-874 2431304
13431i19 172 9153948 241994
1364-5-C 2 173067 2024621 242268W
141-27 17 2043168 2441556
149lDi 17205 295313 251006S_
1499321 1784349 2110766 2611973
1493214 105854 2134932
1493215 1811415 -21298s
151a-40 183159S 2142018

$9659 1308692 1473103 1671 83
913611 109 1481213 1677331
iOlsu. 13090 1493214 167843
1067W 1309591 1493215 1686518
107471 13095'2 1495769 1696524
1il 10 1309637 1496097 172t185
113655M 1311716 1496950 1730867
1186339 1330-50 1 1497660 1734129
1186696 1343199 1497371 1739251
12214" 136294 1495322 1743533
1221345 736 4 1495W2 1744069
12:22 137829 1500239 1746832
i-35 1378620 1503436 1749059
124US- 2 i38 15122 1751110
1242065 13803M 1515740 1765548
1250i r2 1355423 1518762 177312
1253.80 1386029 1541775 1773411
1260097 138603 1589039 1773412
127359 140302 1617380 1777601
1273799 1412760 1621835 1778958
12744471 1419010 1625361 1750019
129513 1425194 1626123 1784048
1291695 1425517- 162813 1793142 4
1294990 144 1644321 1801619
130 1445405 1647415 1805454
130683 1452465 1650162 1811300

- _______________________-______-___________________

- _-
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U1S0766 273591 -RE15072
-18,1,yi i 273M3_r RE15924

1234341 I 925i2 2229 RE26370
i i8 2i 32 2817c 32969

179 142018 281791 3321841
33"-966

-. 7 3373499
29562 3386179

SM-01 2249-4 25-2220 3405A51
2&7o382 3419967

1A633 "274 2972 3443320
--- 26r 3Z432

3452443
'917017 226 30 -0 3461568

i9 s -95 30983M -35i 9' O6'-Q1 _--5694 9 f-- 349223x
997Ir6 2840 31722W 3449273M

tm6' 42..2S -IR

1924682 16 14
ihr5i13- 241i5- 42j. - 3555692
193 126113 13 -1--67- 3577

261 0829 37-

1-% - ..... .

Mi 143_7 26 - 194 924

2024 6 2i _25r M2442 930

- -i - - -1i5:vrC -2 -"-2
i 3iN I~W4042 4 9 2--t

n 013 _A. -

796632461 R E2

1 -2 ii .4 '

22 'Z4&41I --

22-5-6511 73:_ 2 '5248 3512 6

P29136iN '59 39_5 9

25,3. -6 3 3 114 4

2752318 71 2R642326rM
-3o5W 269328 3593315-] 8 8 2 -3 m 2 1 2 1 2 23 6 0 3 9 1 6

236 -5--,530 27402 MiM0
: 9514 23W281 2-or- 650i

1-27-2 237=39 27 - -7 1952

3fi



98

14.5 Gyroscopic Steering of Ships

14.5.1 Authors

GrayJ.G. iii (1914)
Henderson J.B. iii (1934)

14.5.2 G.B. Patent Specifications

5453of 1913 341592 436579 608039
18101 oi 1913 342323 448959 636117
29661of1913 350375 458090 642403
145741 of 1914 355566 475372 656518
15777of 1914 366058 478344 957948
117827 377262 '-0313 1176913
185162 382222 523513 1223986
247633 411620 535211 1319398
323195 425009 590641

14.5.3 U.S. Patent Specifications - Ship Steering

15898 515548 1015061 1592081
17525 537124 1015837 1603867
RE27420 550001 1041103 1612434
53934 550018 1043500 1617310
137574 559244 1055814 1678714
148434 559904 1088503 1679395
156320 561272 1091653 1681415
158101 561273 1093196 1684307
162709 568737 1100420 1695601
173951 596179 1128661 1695615
186424 602684 1134919 1702404
189459 603038 1151867 1711126
189972 613869 1154103 1729869
194658 622398 1164038 1730951
196566 624531 1175959 1757096
212950 626009 1200288 1765583
233876 626951 1228364 1772787
244541 635951 1270176 1776118
270344 649771 1293167 1785971
277667 654130 1306552 1793433
243259 702980 1332302 1801941
284325 714081 '345960 1813103
292599 714786 1360258 1825240
293755 716468 1360276 1835453
313901 739775 1360325 1838965
313907 743115 1360694 1871469
315758 748252 1361127 1876731
317817 759536 1365347 1890293
319665 769916 1387850 1903265
333008 771537 1389347 1911168
352374 774693 1392786 1912489
368796 810634 1392787 1927935
385259 811852 1403318 1930945
404472 812306 1405078 1939775
418032 884292 1406405 1946693
418921 884294 1418794 1948487
423194 887443 1436280 1957647
471202 887701 1442041 1958258
476022 905871 1451064 1958259
478814 911069 1461841 1958428
482421 914626 1465091 1968542
493000 916893 1467763 1982702
495047 929174 1488723 1988463
498160 942952 1497059 1993548
500359 950818 1517575 1993549
509644 969084 1522833 1993550
512662 978746 1536996 1993551
515286 980156 1569927 2015186

ii
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2023334 2343313 2753498 3199482

2066194 2351977 2796576 3203390

2068065 -2352649 2796737 3206998

2073203 2360361 2797579 3208300

2074251 2361178 2806441 3217683

2087647 2362178 2809435 3220373

2089914 2363335 2819777 3225620

2095031 -2365490 2819778 3225730'62823636 3232262

2099713 2369456 2 3237583
2102513 2377698 2834565

2104627 2382727 2841754 3237584

2112171 2391645 2864990 3238957

2112504 2392056 2873710 3249080

2116103 2398243 2875722 3259080

2120950 2400701 2888896 3259094

2121894 2401771 2891205 3263639

2131951 2402724 2894473 3263640

2133153 2403658 2895445 3274849

2134757 2403669 2903822 3277431

2136213 2404281 2909140 3280781
2140713 2408929 2909940 3290881

2145493 2412486 2914013 3319594

2155055 2420154 2914020 3330242

2155075 2422139 2920599 3336891

2156976 2427549 2925060 3358633

2158584 2433826 2927551 3359823

2159142 2434178 2928291 3363590

2163724 2434187 2934690 3386313

2168112 2440713 2940409 3386406

2175627 2445940 2945170 3393656
2175799 2448778 29472") 3417723

2175800 2458177 2949093 3417726

2176203 2-70137 2951460 3450087

2176469 2495536 2958024 3465221

2176807 2498223 2961986 3505577

2179179 2499471 2976833 3508512

2182717 2504139 2979006 3527186

2185074 2508803 2987027 3530819

2188834 251168 2989021 3542048

2194217 2523636 2993464 3545398

2195351 2532402 3003450 3556033

2195406 2541765 3018750 3576977

2200431 2543553 3026545 3580206

2201226 2583059 3041995 3588796

2216097 2583407 3050025 3596163

2222275 2585389 3051886 3598947

2232982 2590029 3066635 3603167

2237834 2601791 068828 3604907

2238029 2614438 3080953 3613624

2247294 2629356 3084566 36419622257203 2634067 3085447 3660743

2257757 2641213 3088330 3673977

2262931 2666746 3106903 3676648

2266410 2667746 3111105 3678878

2294906 266/934 3118321 3685478

2298653 2667939 3127864 3688727

2304430 2668514 3129686 3695205

2307781 2683434 3131340 3696282

2308430 2702615 3133520 3699420

2319435 2713316 3138133 3715571

2324882 2714362 3139254 3715890

2333602 2716960 3140436 3737635

2334882 2719502 3140843 3739738

2337:89 2725841 3143994 3760755

2337602 2726621 3143995 3761791

2339023 2736856 314G654 3762352

2340:74 2740306 3167698 3765361

2340175 2742735 3171383 3771483

2340524 2743624 3180298 3774568
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3796058 3943878 4099476 43145203796178 3945201 4106426 43187003796292 3955438 4173937 43222083798525 3972301 4185473 43233533802372 3982493 4188904 43276583807339 3983834 4201146 43344893810440 3986475 4203380 43344o13811394 3989000 4211180 43526663811395 3995576 4220'!1 43625153815537 3996875 4225148 43667673832967 4003328 4227481 43676583838656 4004536 4228756 43902063847107 4004537 4231308 43924463852650 4009678 4241684 43984863857353 4013034 4244316 44056303861348 4014281 4262618 44087723865063 4040375 4262619 44135833867712 4041886 4263994 44166363870007 4041889 4266497 44178793888201 4051801 4294:84 44186333900198 4054102 4295833 44190843929086 4080918 43008883940674 4088087 4307677
14.6 Inertial Navigation

14.6.1 Authors

AGARD (1968)
Aleksandrov V.V. (1983)
Andreev V.D. ii (1966)
Bessen A.S. Levine J. (1964)
Boichuk O.F. iv (1968)
Britting K.R, (1971)
Broxm eyer C. (1964)
Caligiuri I.F. (1961)
Carpendier.1.L cit at t(1962)Cochin I(1ce63)

Collinson PP.G. (1971)
Cuny B. (1965)
Devyanin EA. Parusnikov NA. (1968)
Draper C.S. (1963)
Draper C.S. Wrigley W. Hovorka J. (1960)
Draper CS. Wrigley W. Woodbury R.B. (1959)
Drozdovich V.N. (1960)
Dushman A. (1962)
Ellms S.R1 Huddle J.R, (1976)
Fernandez M. Macomber G.R. (19621
Friedland B. (1975)*
Frolov V.S. -
Frye W.E. (1958)
Gilmore J.P. McKem RA. (1972)Gorenshteyn iA. ShuIrman IA. Safaryan AS. (1964)
Grirnch E. (1967)*
Halainanderis H. (1973)
Harris D.G. (1978)
Harriman D.W. Harrison J.C. (1986)
Heal H.T. (1964-5)
Hodson A.E. (1963)
Horsfall RB. (1958)
Joos D.K. (1976)
Jurenka F.D. (1967)
LeeB. 0oo (1968) (1976)
LeVinscn E. (1959)
McClure C.L. (1960)
McDaniel O.DJr. (1967)
McKinlay W.H. (1977)
MarkeyW. HovorkaJ.(1961)
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Mliliner AR(1972)
O'Donnell C.F. i ii (1958, 1963)
Parvin R.H. i ii (1962,.1959)
Pitman G.R.(1962)
Powers H.B. Henderson V.D. (1966)
Radix I. Cl. (1967)
Rahlfs D. 1 ii (1974-1976)
Schmidt G. (1976)

Sandberg H.J. Jakimczyk S.T. (1967)

Satvant J.C. et at (1951)I
Slater J.M. i (1964)
Schneider A.M. (1959)
Stratton A. (1969)
Sutherland A-A. Jr. (1968)*
Thachenko A.!. (1985)
Van Dierondonck AJ. Brown R.G. (1969)
Vasilenko B.P. ct al (1969)
XWedan R.W. (1937)
Wenglarz R.A. Kane T.R. (1968)
Wing W.G. iii (1964)
Wrigley W. et al (1969) see p.265 ctseq.
Yakushenkov A.A. (1967)

14.62 G.B. PaterntSpecifications

835312 .994896 i094111 1219862
854393 1018509 1101934 1288118
856685 1623554 1109615 1343598
909477 102462-5 1113642 1344404
917452 10J26764 1118663 1353285
921740 1028122 1120181 1356667
924093 1040004 1135117 1394663
955175 1044363 -1135118 1421620
962669 1047949 1149435 1480652
97J852 105053M 12-00029 2004368
972762 1054082 1200955 2029606
976517 IOS5338 1202456 2056062
978710 1075277 1203841 2130377
979580 1078356 1204763 2169727
980630 1078357 1212876
994489 1092162 1213407

Ite. 7l navigation svsenis

411124 863456 98(1630 1071371
449051 863457 986318 1075277
541705 863458 988089 107s.356
698733 866473 994465 1078357
731561 876424 994489 1078358
749988 880299 994896 1079310
762301 892969 1009506 1092162
762346 895999 1016943 1093549
798107 909477 102-4625 1093550
816779 938957 1826764 1094111
820480 942826 1028122 1101934
826417 945302 1034314 1111456
826418 955175 1040004 1118663
826419 956264 1040392 1120181
826420 962669 1044363 1121899
826421 971852 1047999 1135117
833400 972762 1050530 1135118
834506 976517 1051905 1141384
835312 978710 1055338 1141385
856685 979580 1064219 1149435

*rc. Kalman filter
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1178703 12-16072 1318872 1467559
1197253 1219862 1343598 1481839
1200029 1275880 1353255 1521638
1200955 1278864 1375147 1536344
1204763 1283118 1394663
1204899 1297429 1411201
1212876 1299822 1421620

14 6.3 U.S. Patent Specifications

1735058 3306115 3672229
2953522 3307411 4125017
3028592 3307412 4179037
3148550 3359805 4179818
3304788 3442140

14.6.4 International Patent Specification

WO 86/00158

14.? Land Vehicles

14.Z Authors

Erismann T. (1963)
Krogmann U. (1977)

14.Z2 G.B. Patent Specifications

825917 1579920* 2040450 2083910
825918 2002116 2041319 2088553
825919 2005841 2049931 2104217
825920 2020019 2053471 2106245
1551309 2023294 2064116 2124372*

14.Z3 U.S. Patent Specifications

2677194
3844451
4442723
4461089
4530237

14.Z4 Germ Patent Specification

2545025

*Mathematical dissertation
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15. THE GYROSCOPE INTHE AERONAITICALSCIENCES

15.1 General

15.1.1 Authors

= IraslawskuQA. et al. (1964)
Bulovskii P.1. et al -
ClarkecT.W.K. (1912)
Coulthard XV. (1952)
Danilin V.P. (1965)
Deisch N. (1914)
Duda T. (1959) (196 1)
Pinclis R.G. (1969) (1970)
Rees M.(1946)
SedovL.(1985)
Vilajewskaja T.I. (1954)

15.2 Controlling

15.21 Authors

Anon (1907)
Anon (1910)
Arnold R.N. Maundev L (P61) see P.426 et seq
Chatley H1. (1910) 8990
D'AzzoJJ. Houpis C.H:- (1 98 1) (Second Ed See p. 143 et seq)
Dickenson B. (1968) p.447-
Debronravov O.E. Kirilenko, Yu. 1. (1968)
FournierL. (1909)
GeckelerINV. (196 1)
GirardvilleL. (1911)
Goddard R.H. (1907)
Gordon J.W. (1913)
GrayJ.G. ii (1914) (p.142)
Gray P.J. i (191 1-12)
Huntington E.V. iii (1913)
Hurrass K. Stieler B. (1976)
Ide JJ. (1914)
Kaptcyn A.P. iii (19 18) (191 1)
Lucas G. (1911)
Lumet G. (1912)

f Mcans.J.(1912)
Pearson R.M. (1907)
Regnard P. (19 10)
Skerrett R.G. iii iii (1913, 1911, 19 15)
Sperry EA. vii x. (1913,1916) (vii p.475 -x p.7 3-7 4)
Vilajewvskaja TI1 (1954)

15.22 G. B. Patent Specifi cations

13905of 1907 17569of 1909 4477of 1911 130095
15796 of 1907 19830of 1909 5O70of 1911 135267
11897 of 1908 20962of 1909 5071 of 1911 136168
13809 of 1908 25953 of 1909 9706of 1911 156818
16606 of 1908 3732 of 19 10 20049of 1911 160523
21656 of 1908 15576 of 19 10 23194of 1911 164020
23595 of 1908 19779of 1910 23271 of 1911 166907
28558of 1908 21114 of 1910 23494 of 1911 167503
978 of 1909 24351 of 1910 29117 of 1911 18, 162
3908of 1909 24352 of 1910 29395 of 1911 196296
5699of 1909 24400of 1910 27062of 1912 212544
8350of 1909 25749 of 1910 185I5of 1913 227489
8432of1909 27871 of 1910 9370of 1915 273770

8531 of 1909 28418 of 1910 10377 of 1915 290203
S928 of 1909 30210 of 19 10 12288 of 1915 302630
9615ofI1909 2041 of 1911 113659 337295--
17307 of 1909 3882 of 1911 12-5090 348490
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349733 601132 698032 965490
365186 602320 698033 974864
365187 603221 708345 975931
365188 603383 712993 978141

365189 608039 715312 983096
365190 611008 715313 983649
368281 611029 715333 984584
377237 611030 729241 984585
379109 611037 739865 986137
395689 611039 740696 995625
397805 612247 749990 997707
402345 612436 760683 998766
411921 612804 767069 1000515
413948 616702 777730 1002340
419882 617240 790637 1003567
419934 618411 793274 1005797
422813 618456 793795 1010808
425009 621121 796056 1012727
427422 622105 798485 1015326

433404 622926 80082 1020185
436579 624407 802536 1021801
444827 624554 802672 1024834
448959 614996 806057 1026881
45800 626285 806083 1032466
468288 626287 806049 1035440
468487 633500 809278 1036721
475372 635870 812748 1042170
482389 636328 813297 1044834
489032 637188 815137 106096947 842979

4'0313 64!137 1061863
494359 641652 845808 1064754
497953 642403 854732 1065695

510524 642911 854733 1070211
515072 646640 854734 1074703
515123 647469 854735 1076116

518799 647776 855371 1078521

520175 648240 866916 1082815
523947 650288 868199 1092997
529231 650513 874829 1094111
530509 651013 882795 1095315
536090 652319 893330 1102781
538214 652325 895064 1103621
540224 654041 898804 1108391

543455 656518 898805 1109634
543482 656779 899629 1109885
548190 656911 909118 1112379
548195 658246 912671 1131431
549105 659791 918311 1131540
549944 660551 919360 1131731
553058 924214 1131732
558252 662831
558226 662832 924')68 1151737
558426 662839 25219 1154372
572201 662842 927216 1159742

573922 662857 935905 1170087
576356 662859 938957 1171058
579460 662918 941005 1172441

582206 662919 941006 1173564

585751 669471 942060 1173647

588929 669272 942391 1182268

590346 670002 942392 1182541

590641 670057 950863 1190198

591758 670621 951835 1190330
593127 671336 952267 1195194S596513 674197 955911 1195875 -

i597429 675758 957179 1205407
598723 690670 958548 1212982
600502 690982 961259 1217539
600938 691002 962117 1222524

601131 694731 963134 1224825
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1234073 1284206 1374103 1435201
1247038 129674 1381652 1435202
1249700 - q329901 1415850 1435202
1249982 4331455 1422740 1435203
1250769 -1335848 1424016 1477452
1250770 -1344404 1428948 1478792
1259393 -1374101 1434076 2021264
1260223 :1374102 1434305 2023817

15.2.3 US. PatentSpecifawzions

1050153 2809528 3505883
1096253 2857122 3664748
1112997 2856142 4094200
1368226 3005185 4179087
2158180 3160927 4419832
2183312 3264883 4444053

Gyroscope Control

874255 2225014 2563983 27959f6
898766 2252338 2567831 28000-5
1030050 2274443 2571727 2801f42
1031769 2290232 2574471 2802,)56
1134439 2293039 2581476 280F656
1150311 2303641 2585024 28'0291
1163678 2303799 2585146 2,;13430
1183530 2315216 2586817 2:;14954
1279471 2315501 258$755 2!'16448
1342397 2325048 2589494 2117239
1407491 2341442 2590837 Z817974
1456744 2342637 2595268 2822694
1485783 2349287 2600476 2827789
1499320 2349758 2602239 2852940
1545479 2351629 2603094 2855782
1557268 2357381 2607230 2856772
1558720 2369131 2610509 2856777
1590977 2383409 2618159 2857766
1610853 2383461 2620669 2864255
1610931 2397949 2638288 2865206
1613301 2410473 2643547 2868021
1617309 2414108 2662410 2868022
1618570 2415430 2667077 2874578
1625252 2415813 2669126 287966816281361642087 2416646 2672054 -879669
164087 2417689 2682773 2893248
165800 2419063 2685081 2894395
1730967 2424562 2687648 2899828
1778734 2443748 2688456 2903891

1822184 2444625 2695165 2906127
1880994 2451230 2700739 2909930
1885414 2457228 2704456 2912864
1997412 2459495 2704938 2916917
1999897 2468137 2707400 29169191999897 2468554 2707882 2926348
2007515

2478839 2709921 29265412015650 2483980 27111i 2933925
2048834 --
2104226 2484823 2713270 2934961
2137974 2494429 2714837 2937532
2152144 2504170 2728233 2937533
2167077 2504604 2729407 2940320
2180221 2512902 2734278 29434942191250 2524756 2735731 2945381
2199290 2527245 2737053 2947177
2200976 2530725 2746300 2948156
2209735 2553786 2752790 2951373
2217616 2555165 2787909 2953149
2219985 2559298 2790119 2964954

2561367 2795143 2968953 r
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2968957 3131336 3277725 3486383
2969681 3135120 3277727 3498144
2981113 3142181 3279263 3555913
2985022 3142993 3280642 3604275
2986942 3147626 3282119 3613462
2986943 3176206 3283593 3619905
2986944 3187587 3285076 3633003
2987927 3188540 3285077 3702568
2988818 3205718 3301069 3704406
2993625 3209602 3301070 3704407
2998727 3214981 3304788 3709015
3000223 3221565 3315533 3762226
3001408 3229376 3318160 379c*50
3002402 3229533 3319474 3805625
3010326 3231984 3320818 3815428
3014376 3234797 3320819 3875488
3018750 3237055 3323376 3883788
3033045 3238791 3323377 3898744
3046797 3238795 3323380 3938256
3051008 3240860 3324731 3941001
3052128 3241378 3324733 39673843053099 3251233 3336811 4003265

3058357 3251955 3353414 4005608
3068705 3252339 3363413 4026160
3073170 3253472 3365960 4036453
3077553 3256742 3368411 4078436
3077760 3257853 3398341 4111562
3080763 3260122 3413859 4125799
3082628 3267745 3424520 4155521
3082629 3269195 3426592 4189946
3082631 3269196 3430500 4189947
3085444 3273405 3449960 4214482
3089044 3274837 3453895 4274291
3094878 3276268 3456511 4275605
3107540 3276269 3463016 4277039
3126747 3276273 3469457 4285248

15.3 Navigation

15.3.1 Authors

Andrews T.R. (1976)
Gardner G.W.H. (1937)
Koslov AS. (1956)
Kudrevich B.I. (1965)
Or'man E.V. et al. (1946)
PerporDS. ii (1954)
Shapiro A. (1957) (history)
Sperry Gyro Co. ii (1965)
Stewart Ci. (1930)

153.2 G.B. Patent Specifications

349026 611047 788486 938957
396547 654658 805535 957179
411124 691029 820887 958562
418377 733024 826417 985976
425111 748641 826418 1000515
444393 749987 826421 1040392
487299 751403 854506 1055334
494359 759609 890264 1111676
516567 762301 892969 1264113
541705 762346 902489 1343598
542529 764727 920678
565802 772427 925576

-

-z I

- ~ __________________ -
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1533 US. Pa-en SPfeciflCiltiOns

E; 3158340
3187585
3664748

L 4212443

15.4 Helicopters V.T.O.L. Aircraft (use Of gYroscope in)

15.4.1 Atahors

Arnold R.N. Maunder L. (1961) See p.442
Held V. Wilhelm H. (1977)
Kauffman L (1958)
Kellett Aircraft Co. (1963)
Selijvan N. (1963)

15.4.-- G.B. Patent Spcift atlons

206506 682509 938186 1074703

272962 693729 951201 1092997

281736 698031 956536 1103901

292401 702080 965490 1177179

570404 730734 969269 1181668

576738 732149 975549 1202778

580231 854904 984986 1232243

597246 854905 998766 1329901

600~20 Fc4906 999007 1331455

6326G6 854907 1001363 1337035

635017 868199 1020185 1340293

635019 898203 10227111 1365430

670983 904570 10,27011 2056063
675657 911082 1030238
681382 927904 1044834

15.4.3 y.-S. Patenot Specifi cations

3484172
3572965
40125230
41 18143
4179087

15.5 Ejector Seat Control

15-5.1 Authors

No Entries

15.5.2 G. B. Paient Specifi cat ion

1174464

15.6 Turget Seekers

15.61 Authors

Manley CJ. (Editor) (1972)
t Maxwell RLE.Jr. (1975)

McKlendon J.R. (1982)

NealineF.WZ archan P. (1983)

Vergez P.L. Mc~lendon J.P. (1982)

15.6.2 G.B. Parent Specifications

133314 473000 777210 1015916

213791 600502 832480 1025740

227489 603448 9584154 1031393
365731 624407 989069 1039612

______________
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1051913 1301041 1428948 1543630

1116801 1320711 1446362 1539581

1136054 1326791 1446362 1543630

1161481 1351279 1475112 2015126

1269817 1351873 1493596

1273161 1355326 1497065

15.6.3 U.S. Patent Specifications

RE26887 3010677 3920200 4148026

1879187 3084342 3982174 4155521

2029664 3105657 4009393 4185797

2079559 3187588 4009848 4191346

2315216 3446082 4010365 4210804

2589484 3486026 4036453 4246801

2649262 3604277 4039246 4464943

2869803 3612643 4070678 4500051

2899677 3756538 4093154 4520973

2963973 3824865 4105174 4522355

3009152 3898668 4142695

15.6.4 German Patent Sjecification

2522827

15.6.5 French Patent Specification

22381144

15.6.6 International Patent Specification

W085/00055

___________________ ________________



16. THE GYROSCOPE IN THE ASTRONATiCAL SCIENCES __

16.1 -General

6.1.1 Author

lasani B. (1982)
Kirchnei E. (Editor) (1970)
Moskouilt S. Weinseh~el P. (1963)

16.2 .ckets

162.1 Authors

Dobronravov 0.2. Kirilcoko Yu. 1. (1969) See p.5 34 et seq.
Lcondes C.T. (1 963)

X62.2 G.B. Patent Specifi cation

1075705

16.23 US. Patent Specifications

2734383
2857122
2973162
3017777

16.3 Satellites

163.1 Authors

.Alekseev K.B. Zlodvyreva ON. (1985)
Anchev A. iv v(1973-1974)
Andreev AS. Shul~gin A.M. (1979)
AnnettR.(1978)
Austin F. Berman H. (1972)
Autonectics (1966)
BattinR.1I.(1971)
Bel- aaG.M. (i972)
Beletskii V.V. (1957. 1963)
Berg R.L. Kierstcnd F.H. (1958)
Bowers iet al.(1963)
BurtaSG.C. (1961)
Cannon R.HJr. iii (1962)
Ca.rier G.F. Miles J.W. (1960)

Chodes IL Man G.K. (1984)
Colburn B.K. White LR. (1977) Refers to Ricani equations see Sneddon I.N (1976) p.513

Colomabo G. (1963)
Diamond H.TL. ii (1969)
Dohogne J. Morrison R.F. (1965)
E,=n H.WV. (19 63)
Frik MA (197 1)
Folgate K. OhtakecT. (1973)
Follett W.E. ct al. (1 974)
Gadel-sbin T.X. (1973)
Genwt R.(1963)
Gordon R.L i ii iii (1965. 1966. 1965)
Grubin C (1962)
Hablani H-.B. (1983) (1982)
HoagD.G. (1983)
Ho J.W. Ciniera R.F. (1963)
Horsialll RB. (1958)
HuberT.E(1971)
Jacot A.D. Liska DJ. (1965)
johnson DA. (1974)

-Rc. CM.G. Control Moment G)ro. _e&=U.S. 3665281



110

Kachurina INJMd1976)
KaIL-vJJlr.(1975)
Ka ne T L nmg CF. f(196 5)
KancT.R(1970)
IKCargv U. Ya blkonAkya %TVA.1977 6
KhdaritonovA.P.(1972)
KennedY HM.(1963)
K ho o iloV-& (19 84)
Krec= oIlo N .v IuHi (19 77j)j19 6 6
Kuo BCSingeG.SeltzeSALt(9775)

M

Lan= Bf.et alI(967)
Liden S.P. (1974) -
Leimanis E(96S)Qcpancs25--- 1o-I.
LikinsP.W.WlI-dms P.YjHr',-
Landon VD. Stewart B. 01964)
liskaDJ.(197rO)
Limijn-SedoiM.Z(197 9
IuT.Ccetat (197a)
LohfddR E t 21(19774)
Longmnan R.W Robertvson RL. a969 1
Lonzmnw XV (197')

McGill DJ. LongLS. (197

meiroxwitch L BanhAL(198'11
MlklvaV.S&(iiO)
MiMa J.Fc FldmanJ 1'3963)
-MinoDtLkzrcTA(1"'- i

Murra flT. etav]Ie9V09
NabiuIwMnLtkQ9Thj
Paikcn M. Prosc M.f 41-67T
Popov vJ'l.9:11
Polvwakov V.V (19774j
Rayidheon Comnpan 1 I962-
Reid WE~ Garner 111 h ).u
ReimerCJ. (1974)

RulwmAnos NVN\ (1981j
Run%,antsce VX. (197 W)
SaakianL.S.(1976)

SadcvVFA MurbaSc J j9 771

seltzer S.M.(19715)-
SbigcbaraM.Yasui S.(1969)j
Sierer WM.Smvdr WA.196%)
SinzciF.(1964)
SixOSSN. (1983)(1976)
Singh SJNcl 2L.(1975)
Smornlkov BA (1 964)
Sorokin A.V. (1979)
Stepaov'Sla.(1969)
Suart WII. (1961)
Snuder PA (1972)
Sullashtvili R.S. (1968-)
Thomson WV.TA ii (1962-1963)-
Thomson WN.T. Rcilcr (s. (195D)
flam Ci. (1961)
Tonkin S.W. Shaekdoth'--J W31 9 8)
WThitford U.K. (1962)
WillcnPNY. 1(1970)
Varv V.VeinbrglMScremcfesa ?N4.1978)
Wang B.C Lai .J.Y. (1982)
YarbcrG.W.etal (1966)j
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3318 1191 116799713048671417

105740 1252141 1345 147592
1I1'~3 1290981352981 14789

11212912859!913421517
11336054 1287341 1408c041502

]&6,3 ItS. Patent Spcofl cadions

~*993158340 3493194 396N352

27343-94 3204467 351152 4-08743

29-56142 336841136584543
287766733978541 36857704563

1l6045 3442468 3813067

164 Nlowcnlumflh

IM"1 Authors

Bchvca'a G-IN( 9 7 2 )
Cannon ILIL~r. iii (19-62)
Kwnmentula -V. (196 6 ) ( 9 6 8)
IUtin- S cdMo M(L19 75)
MUnYF.T.(1969)
Ponbezu .C (1977)

- Rduims Ci.(1974)

SwinED. RubbciA (19b7)
-rfik-B.4194)(19

6 6 )

IA. G. H 1n5Wcik4TW

1237341
'130486
141219
M14792

,J&s u-s pajgSci&cion

16-5M &ROD"

161 Authfl

Wrenchi~.GreU1sftCA. (l10)

16.6 Geen lht-

1±61 Atuh-'

Penner SA PeterW. (196&i
Rosen BI'!.(1959)
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17. THE USE OF THE GYROSCOPE AND GYROSCOPIC FORCES IN VARIABLE GEARS, TRANSMISSION
GEARING AND TORQUE CONVERTERS

17.1 Authors

No Enties

Z1.1 GeB. Patent Specifications

12361 of 1905 204062 34406 ! 450300
6424 off911 221725 344062 455963
6428 of 1911 225518 344063 510518
22418 of 1911 225920 344064 595866
25621 of 1911 228563 344065 622337
21414 of 1912 238423 344066 637505
102514 2S6230 349101 667157
107251 259975 358732 675633
119511 261663 414693 695671
137205 276853 416032 744645
141027 304151 422577 J292613
141139 306307 435988 1421309
153538 328000 437950
176326 343988 439627

1Z1.2 LS. Patent SFecifications

1544834 2223743 2960889 4152944
1728383 2223745 3153353 4152946(SeeReissue30981)
1736789 2296654 3154971 4161889
1760850 2310724 3203644 4169391
1771806 2389826 3267770 4208926
1771807 2390341 3394619 Reissue 29328
1805612 2639631 3439561 4258581
1966357 2693723 3495479 4295381
1992457 2744422 3540308 4369673
2052507 2811050 3851545 4641550
2088834 2877667 3955432

Classified by the U.S. Office as relating to Gyroscop': transmissions

1127251 1746544 1914813 2232234
1162593 1746545 1939100 236639
1197309 1748108 1949042 2240649
1260943 1748110 1974103 2248444
1263701 1759466 1978416 2252815
1298506 1760700 1983641 2255566
1303287 1764266 1992457 2275725
1309257 1767311 1999340 2292638
1315380 1791386 2005974 2314278
1330393 1798723 2011755 2366637
1332708 1809123 2012652 2389826
1335168 1810282 2033474 2390341
1335169 1810283 2033475 2408228
1350106 1816615 2044172 2443038
1360216 1816808 2070621 2469646
1379941 1828825 2087060 2577667
1423458 1834689 2088034 2585"16
1525269 1847576 2093292 2635325
1572223 1858696 2100565 2645130
1609857 1860303 2118430 2678155
1622217 1861418 2122274 2700542
1630105 1865559 2142421 2886976
1688785 1867590 2167276 2924076
1693213 1874658 2177212 2960889
1705061 1878727 2178657 2980326
1718073 1881234 2211464 3148551
1725001 1885553 221867! 3181377
1"30165 1897506 2225690 3289486
1745953 1014067 2231832 3293928

! [ °I _

A .{ -
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3339425 - 3965759 4169391
3407671 4019396 4179943
35S1584 4034246 4254668
3F63510 4050317 4335870
39S5428 4141256 4641550
393,A29 4161889

17.1.3 Australian Patni Specification

488057

17.1.4 lIt.iian Pawns Specifikadon

K 335495

'651
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"8. THE USE OF THE GYROSCOPE AND GYROSCOPIC FORCES IN OPTICAL AND RELATED DEVICES

18.1 General

18.1.1 Authors

Arnold R N. Maunder L. (1961)
Pont~ves de D & Rafat R. (1972)

18.2 Telescopes, including Binoculars and Monoulars

18.2.3 Authors

Babayev A.A. Grishmanova N.I. (1968)
Babayev A.A. Sukhoparov S A. (1972)
Bogdanov A.D. (1977)
Brake D.G. (1980)
Dienstbach C. (1915)
O'Dell C.R. (1973)
Ostrovskaya M.A. (1972)
Seltzer S.M. (1975)
Schielen W. (1974)

18.2.2 G.B. Patent Specifications

24112-1909 178459 844964 1150700
17291-1910 226163 958415 1235175
9737-1911 232759 1015916 1235707
10440-1911 282078 1056527 1269817
23494-1911 284871 1056528 1340212
24647-1914 353137 1093131 1399121
6977-1915 359895 1099026 1442773
146477 382253 1114094 1594060
146847 623009 1149164 2036998
165028 749988 1150699 2149259 (Sce EP 0141665)

18.3 U.S. Patent Specifications

940329 281!342 3468595 3756686
1050153 2829557 3471931 3756687
1363861 2871707 3473861 3762795
1628776 2939361 3475074 3881803
1628777 2959088 3503318 4013339
2570130 3158676 3531176 4270044
2684007 3200250 355632 4260218
2688456 3212420 3564931 4643539
2741940 3378326 3608995
2779231 3437396 3608997
2780140 3437397 3742770

182.4 French Patent Specifications

1372585
1435872
1453827
1455923

18.2.5 European Patent Specifications

EP 0001204
C.41665

18.26 Internatloal Patent Specification

WO 85/00668

I __________________________ _______ ___________________________________:
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18.3 Gunsights i

&3.1 Awlhors

No Entrics

1.3.2 G.B. Patent Specjflrc'id,js

2077-1909 359071 f5360 11838989466-1909 387848 684667 123680730583-1909 453744 694850 126981717291-1910 464315 714670 134021220373-1910 480185 724896 134972230184-1910 49S745 724897 13523495903-1912 574704 7-4898 138808297,-A915 576359 724900 1475112166C--1915 577129 754530 1491117147061 578958 815729 1512932
!54932 581966 930207 1531871156870 587951 1069266 1559218177146 603389 1073446
232759 606635 1114094
306764 633b66 1161481
18.1.3 S Patcp!Specigcajdv

1031769 2270896 2684007 35582121363861 2412453 2705o71 37627951628776 2467831 285!1526 38712361688559 2527245 28596512
1935442 2559435 2914945
1984874 2570298 33266192229645 2583815 3471931

180.4 Geiman Patnt Spec,17catiiols

E Offenlegungsshrift
1428731

M1.15 Frencn PaentSpecflcaioln

1563217

18.4 Ilombsights

18.4 Awuhor

No Entries

184 2 GA. Paent Specificalons

127877 551880 62J555
186099 575958 665498413338 579848 716599
449238 586273 804700

k 73000 -52133 95C634490811 624554 1072926

4. U.S. Pttent Spenficail-s

94.... 1162699 2467831 29553561402064 2350303 2495304 30330841645079 2371606 257315 3427.:3717&3769 '428678 2609606 82l2S_2 243261? 2859326 
__ -

6 2461 2359555

25 9 5 S
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18.4.4 Gemian Potent SpeciTication

3603v90

&4.5 Frendi Patent Specification

749767

18.5 Cameras

1.5.1 Authors

No Entries

18.5.2 G.B. PatentSpecificaticns

10757-1906 275649 1056528 1163017
6977-1915 402890 1099026 1235707
127877 578958 1142977 1235175
150995 590682 1145795 1450027
200098 650826 1149068 1499928
219082 808829 1151559
223610 892453 1159770

1&5.3 U.. PatentSpecifications

1586071 2951377 3468595
1645079 3409350 3473861
1688559 3424521 3475073
1709314 3424522 3479108
2180017 342a523
2709922 3459473

GytoscopeAerial Camera Combined

85247 1585484 2346079 2792767
359902 1586070 2358777 2796009
367610 1586071 2371592 2796815
510759 1598082 2393575 2817278
578980 1612860 2397031 2839974
757825 1626787 2401530 2841063
863035 1661364 2409597 2895392
894348 1679354 2416842 2895393
935760 1735109 2413349 2899882
1002697 1764066 2415563 2906181
1200819, 1782860 2424989 2929305
1212884 1782864 2429051 2937385
1221902 1797849 2468781 2949830
1300716 1821492 2472823 2950663
1301873 1824085 2474323 2955518
1301967 1826299 2476677 2961933
1305841 1829142 2506095 2963949
1309798 1848693 2507459 2967470
1313564 1863573 2512486 2969005
1372746 1880960 2521153 2995995
1382486 1898179 2544686 2998762
1413187 1939172 2570653 3000284
1423364 1942161 2544686 3007383
1469569 1953304 2570653 3060824
482244 1955770 2575020 3066589

1490239 1974842 2596222 3094054
1502173 1986261 2599517 3114306
1517550 2014188 2622495 3121377
1528933 2047070 2671388 3143048
1531593 2198920 2685238 3143049
1536335 2240731 2713814 3158079
1546372 2283788 2719470 3160082
1548723 230746 2766667 3163098
1559688 2333768 2766668 3212420



____ 
11

3215053 3338147
-- 3217623 3352223 14955173621
___ 3221625 3364830 3500733 36673603234865 3392645 3511150 3687035

__ 334663410189 37511151 36886663240138 3422739 3532039 37031333240139 3435743 353341 3715962-
32412836 499 3537369 3728948
3253185452 3541936 373969932552 3469515 3554105 37443873269290 3483808 35801503303767 3485151 3686

1J.5. German Patent Specifi cation

273 1134

185.5 Belgian Patent Specifiction

851740

18.6 Panormic Sextants

1861 Aiathors

No Entries

1M62 GAB Patent Specifications

No Entries

18Y6.3 US. Patent Specifi cations

2220884
2266741
2505819

18.7 Panoramic Film Viewer

18.1 Authors

No Entries

187Z2 (7A Patent Specifications

10106 15
1307548
1317772

18.3 u.S. Patent Specifications

705771
888236
2515200
3218900

18.8 Periscones

1881 Auhors

No Entries

188 Y.2 G.B. PatentSpecifications

59900o1 1901
10373 ofIB01
226163

637358 
__12405



118

- 18.8.3 U.S. Patent Specifications

2986966
3035477
3558212

18.9 Navigational Aids

18.9.1 Authors

No Entries

18.9.2 GB. Patent Specifications

27508 of 1907 749989
284882 805535
286514
749987
749988

18.10 Rangefinders

18.10.1 Authors

No Entries

18.10.2 G.B. Patent Specification

162677

18.11 Stabilisation of Image (Missiles etc)

8.11.1 Authors

No Entries

18.11.2 G.B. Patent Specifications

750889 1136054
1015916 1520845
1056527
1056528
1073446

Directed to Optical Apparatus Stabilizing ofpart of Optical Systems etc.

1482-1906 650826 1159770 1349722
3683-1915 892453 1160528 1374766
6977-1915 1015916 1161481 1388082
16669-1915 1056527 1163017 1399121
155053 1056528 1168261 1442825
156870 1069266 1183898 1450027
162667 1073446 1235175 1475112
265028 1093131 1235707 1491117
226163 1099026 1236807 1491953
249616 1114094 1240552 1512932
262188 1136054 1269817 1520845
285457 1142977 1297729 1531871
387848 1145795 13075A8 1539581
402890 1145068 1317772 1543630
449238 1149164 1320711 1559218
539342 1150699 1337034
578958 1150700 1339379
590496 1151559 1349212

-7-_
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18.113 U.-Sd'atentpciflca&

-- 2869803
3293360
3371161

4606239

-AM*-
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19. INSTRUMENTS AND MACHINES THAT MAKE USE OF THE GYROSCOPE AND OR GYROSCOPIC
FORCES

19.1 General

19.1.1 Authors

Arnold R-N. MaunderL (1961)
Bogdanovitch M.M. ii (1961)
GrarnmeR ii(1950)
Kudrevich B.(1965)
Magnus K. (1971)

19.2 Engine Goiernors

19.21 Authors

Maxwell J.C. (1868)
Siemnens C.. (1866)

19122 G.B. Patent Spectjkrations

17006 of 1905

18101 of 1913

19123 U.S. Patent Specifi cations

220867 of 1879
785587 of 1905
1653660
1678914
1746794
3276572

19.3 Grinding Machines

19.3.1 Aut hors

Arnold R.N. Maunder L. (1961) p.1 7 1 efseq.
Ferry E.S. (1932) (worked example p.92-94)
GrammelIR.i(1917)
Magnus K. (1971) p.9 8

Scarboroughi.B. (1958) p.10 6 -1 0 7

19.3.2 G. B. Patent Specifications

1437of 1855 4117of 1889 1860 of 1903 102631
2159 of 1857 7407of 1890 11186 of 1904 166471
3704of 1881 9809of 1890 17735of 1904 189120
13162of 1886 20228 of 1891 24436 of 1912 247756
1162of 1888 19824 of 1894 6193of 1914 1336119

19.4 Speedometers

19.4.1 Authors

AleksandrovA.G. et al(1975)

19.-.2 G. B. Patent Specifi cal ions

17006 of 1905 148247 596666
7285 of 1910 167503 616965
2O5l5of 1912 474718 874563
15812of'1913 498112 939622
11827of 1915 541705 1426236
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-- 19.5 Floiwmciers

1951 Authors

Akeley L.T.ocial (1958

1952 G.B. Patent Specifi cations

498112 964446
- 717897 -964447

893830 1003425
945387 1121117
953585 2015737
953586 2043902

1953 US. Patent Spedflcat-Ons

720188 2602330 3000223

2106194 2625198 3187585
2406845 2714310 3312512

- 2450320 2865201 3485098

2472609 2914945 4187721

2585693 2969954

19.6 Surveying Instruments (Clinomieters, Theodolites, Borehole orientation)

19.6.1 Athots

Anon (1968)
Astrakova N.P. (1972)

BanksH.F. (1950)
Ellms SKRHuddle l-.(1976)
Ferranti Ltd (1976)
Hassan A.K. (1983)
Hendron RH. (1978)
Hodges D.J. Brown L(1976)
LowerJAi.(1957)
Rellensnsan0. (1962)
Rellensman 0. PfleiderE.-P. (1959)
Pavlov V.V. (1961)
Puetz M. (1974)
Hamilton G.B. Amcar Y.K. (1977)
Schlfer R(1977)
Scluler M. (1932)
Stripling NV.W. Hargleroad J.S. (1978)
Trayner B.T. (1977)
Williams H.S. (1969)

196.2 G.B. Patent SpecificaiOfls

27508 of 1907 675553 1205065 1549043~

163 ofl1908 682908 1224992 1554204

3068 of 1908 885946 1227130 1554205

2077of 1909 885947 1259753 1555286

30583 of 1909 886063 1278794 2009418

27005ot 1912 921562 1284429 2009419

18099 of 1913 941533 1306781 2027904

21905of 1914 947322 1354 061
120942 1008282 1373067 1039371

146372 1014352 1379642 2041519

289460 1016260 1382845 2075675

360523 1095817 1388311 2081910

558616 1100524 14289,08 2094472

560200 1!01956 1437125 2103793

563321 1132948 1509293 210421-7

571622 '175863 1516074 2104224

"Excellent biblography
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____

:2111216 2139350
2124371- 2064116
2126721 2-141868

2126722 2146118
2124372-

19.6.3 US. Patent Spec ificat ions

1812994 3748912 4197054 4266431

2930240 4033045 42-97790 45013718

3002904079594442723 4504857

301213 40199 4443952 4594790

3252134127 4461089 4635375

19.64 German Parent SPerijkationSS

1798468
1941808
2459113
2734319
2734320
2756219

19.65 Frnch Parent SpecilkarionS

2241686

2309835

19.6.6 Russian Parent SPeclzrank-

5508652
5c79544

676866

1967 European Parent Specfcto

EP 0077491

19.' Percussion Fuses

19.7.1 Authors

No Entii-,

19.Z.2 G.. PatentSboectfl arions

190-6
400612
467712-
920713
9207114

19.8 Se~fflevfling Deuices

19.&1 Authors

No Envies

J9.&2 G.B. 1'orespedj-iOl

209895of 1913

612832
846879
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19.9 Dynamometer Car

199.1 Atihors

Amiler AJ. & Co. (1934)

199.2 G.B. Patent Specifications

284505
578784
675553
1324073
1468625

1993 U.S. Patent Specifications

1843959
1906719

19.9.4 German Patent Specification

2055794

I-.10 Gunsight Fire Control

19.10.1 Authors

BerkowitzB.cta (1968)
Brockner CE. Price RC (1959)
Res M. (1946)

19.10.2 G.B. Patent Speaifications

223of 1871 400685 653610 1183898
16687 of 1910 418670 657669 1223214
17291of 1910 422234 675725 1236807
3683 of 1915 447225 684667 1261438
12299 455207 694850 1269817
'46477 455431 700315 1285722*
146488 541224 714670 1301041146847 590581 72091307548 -

155030 590682 720080 1311043
17146 590683 754530 1337035177147 59187587331339 ~13393479
2-2934 601402 839031 1340212
214q95 603389 839033 1349722
216156 616517 t75754 1388082
226,188 617237* 900047 1428948
374058 621836 930207 1486537
374059 625822 1069266
22243 638714 1108072

19.10 U.S. PamnS e-r
13-8503 i936442 2229645 254170

142 484 1937336 2270876 3009152
1628776 1939517 2293039 3629196
.68361 1984874 2383409
1783769 2"--225 2467831
1855093 2162698 2423831

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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1.1Wigb-iiDznitt (DynamonaeterQCel)

Anoni(W82 9scp.90
Olainmel II (1950) (V1 eeP10
Graveneymii; SaRPK(1982)
Wohwai. (19843-

193dL2 0.11. Patent Specifications

1468625
1531503
2015737
2043902
2070184
2124373
2124790

19.11.3 U.S. Patent ,Peqlcatioms

4095463
4497213
4577519

19.11.4 Gemn Patent Specficauions

21055i794
2119546
2235808

19.11. Fnnc. h Pusenr Speciltion

19-12 Machine Tools

am9"'V- xnian

Mannsv1MLAio . 9-

2Koni 2 1F191

z9-13 Dectptdnmc

fim-w t. AZl R--tarl60 m1 )McA~1.1 sknr~



19.1-3.2 G.B. Parenmperificarons

580445
-843475*
1341865
1341866

19.14 Skiing

19.14.1 Authors

Siwinson D.(1973)

19.15 Drg-lines

19.15.1 Authors

Savelev AA-.eta! (1972)

19.16 Profilograph (Road roughness)

No Entries

1916.2 G.B. -arentSpecifiarions

No Entries

19.16.3 US. PazentSpecificatio,:s

1843959
1936518
3S881 18
3983746
4561188

19.16.4 Rusidin ParenSenfcol

504525

19.17 %H Bearings

*19.IZI Authors

Hligh& a BlanchardWl..(1963)
U~nchwser F.W. (1908) (seec.36

MavrSv-A. k m, mm U G -. (19 58)

1.8Vdoduedes

19.M& AtubrsI ~Carvaonm.(1898&1901)
GobasLa(W178)
%zn G. LKnc T.R.(1979)

4.RankinePJ.M.(8S69)
Woand RD. (11 )

Sharp -A.(1896) (reprint 1977)
SICs~~UMEP.(19S2)
WhiippiFJ.W. (I M9

2"11 Of1912
245;g111
10Z8695
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19.18.3 U.S. Patem Specifications

991485
1236030

19.19 Ice breakers

19.19.1 Authors

Gray A. i (1904-5) (Vol.48 p.306-307)
Henderson J.B. i (1905)
Ransome G.S. (1914)
Sperry E.A. (1916) (x p.73)

19.19.2 G.B. Patent Specifications

14032 of 1915
(See p.8 line 41)

19.19.3 U.S. Patent Specification

4026383

19.20 Ship Roll Recorders

19.20.1 Authors

ihin P.A. (1960)

19.20.2 G.B. Patent Specifications

2105 of 1911
125096
273286

19.203 U.S. Pate. Specification

2716893

1- ?0.4 Russian Patent Specification

444112

19.21 Vehicle Side-slip

19.21.1 Authors

Ruit A. (1911)

1921.2 G.B. Patent Specifications

12842 of 1908
21113 of 1910
22870 of 1911
814496

19.21.3 U.S. Patent Specifications

No Entries

19.21.4 Russian Patent Specification

j78186

19.22 Chronometric D%,, .

19.22.1 Authors

No Entries

AI
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19222 G.B. Patent Specifkation

20515 of 1911

19.223 U.S. Patent Specicalion

2390341

19.23 Gyro~stically Actuated R clays

1923.1 Authors

No Entrie-

19.23.2 G.B. Paeent Specifi catia,:

116454

19.24 Gyroscopic Viscnimeter

19124.1 Azahors

X",Entfies

19.24.2 G.B. Patent Spec, 4' ations

No Entries

1~ 243 US. Patent Spectfications

No Ertricz

19.24.4 Ru..sian Patent Ypectficanons11

487336
525871
535481
651233

19.25 Angular Accelerometer (also %eioL-ity)

1925.1 Authors

No Entries

19.25.2 (3.1. Patent Specifi caions

854360
1553488
1599082

1925.3 U.S. PaternSpecifications

No Enries

1925.4 Russian Patentc.pecificatiow.

559182 ^'l4
570843 634103
593152 634212
61173
620H97

19.26. Dynaeae Inducti~e Tap

AS.6 Aahors

No Entries
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19.26.2 G.B. Patent Specification

819828 Lateral Attitude of 4-'aheel Car

19.27.1 Authors

No Entries

1927.2 G.BH. Parten t Specifi cations

1246688
1360544

19.28 Angular Deflection of Tall Buildings

19.28.1 Au~thors

No Entries

19.28.2 G B. Patent Specifi cation

1132851

19.29 Character of Marine Sael

19.29.1 Authors

No Entries

19.2 9.2 G B. Patent Specification

1215440

19.30 Vehicle Anti-high-jack System

19.30.1 Authorsv

No Entries

19.30.2 G.B. Pazent Specifi cation

1339820

(Sce U.S. 1843959)

19.31 Motor-cycle Headlight Orientation

19.31.1 Authors

No Entries

19.31.2 G. R Pater~tSpecifications

14707 15

1538069

19.32 Gyroscopic Engine.

19.32.1 Authors

No Entries

19.32.2 G. B. PateN Specificationsc

= No Entries



19.323 U.S. PatcrSpecifjkatins

1260943

221 1064

19.33 Clutch Mechanism

19.33.1 Aut hors

No Entries

19.3j,2 G.5R. Poiew Specifition

675633

19.34 Arti-hunting Regulator

19.34.1 Authors

No Entries

19.4.2 G. H. Patern veciflcations

NO E ntries

19.34.3 US. PaiewiSpeciJtion

2162482

19.35 Traielling~rie (toy)

19.35.! Authors

No Entries

19.35.2 G. B. PAtemtSpecifcation

26896 of 1911

19.3523 US. Patent Specifi cafions

1772208
2371368

19.36 Gyro-bus

19.3A I Authors

Arnold R-N. Maunder L. (196 1) (See p. 1621

19.37 Magnetic Swi'tch

19.1 Authors

i No Entreps

19.37.' G.B. Pat em Specifications

No Entics

19.373 U.S. Patent Specificatiotz

33074D3

19.1.3 Gyroseisniometer (See 19.44)

R.3&1 Authors

'N~o Mrkes
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19.382 G.B. Patent Specifi cations

No Entries

19.383 US. Patent Specification

'T926383

19.38.4 Russian Patent Specification

490056

19.39 Windmills

19.39.1 Aut hots

WVeisbich A.L (1978)

19-39.2 G.B. Patent Specifications

No Entries

19.39.3 U.S. PaternSpecificatioz

4302152*

19.40 Shaft Encoders

19.40.1 Authors

No Entries

19.40.2 G.B. Patent Specifi cations

No Entries

19-403 U.S. Patent Specifi cation

3998088

19.41 Gyroscopic Aiming

19.41.1 Authors

No Entries

19.41.2 0.8. Patent Specifications

No Entries

19.41.3 US. Patent Soecifcto

4218827

19.42 Gyro Extraction of Energy

19.421 Authors

No Entries

19.42.2 G.B. Fatent Specifications

No Entries

*extensive prior art listed
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19.42.3 U.S. J'atent Specifi cation

- 2716893

19.42.4 French Patent Specification

2330881

19.43 WVave Energy (Ocean Wave Energy Cornersion)

19.4-3.1 Authors

No Entries

19.43.2 G.B. Patent Specifi cation

2058938

19.43.3 US. Patent Specification

4161889

19.44 Torque Generators G)roscopic Vibrators (Seismometers) (See 19.38)

19.44.1 Authors

Diamantides N.D. (1959)

SorgM.(1968)

19.44.2 G.B. Patent Specifications

422577
1511040

19.44.3 US. Patent Specifications

21 58180
2432430
2716893
3691853
4026383

1 9.44 .4 Russian Parent Specification

490056

19.45 Railway Car Roll Control

19.45.1 Authors

Santanera 0. et al (1972)

19.45.2 G. B. Patent Specifications

N o Entries

19.45.3 .. Patent Specifi cations

3683818
3789769
3844225
4267736

19.46 Measurement of Sliding Friction

19.46.1 Authors

No Entrie

w -



PON
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19.46.2 G. Patent Specifi cations

No Entries

19.463 U.S. Patent Specifi cation

4498329
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20. THE GYROSCOPE AS A MEANS FI)R THETESTING OF GENERAL RELATIVIITY

201 Authors

Anderson J.R. Chappier RR.L (1978)
Antov V.1(1981)
Barker B.M. O'Connell RF i ii iii (1970) iv v 1975 1979
Braginsky V.B. Polnarcv A.G.Thorne K.S. (1984)
Cabrera B. (1978)
Carnnon RH. ii(1962)
Chandrasekhar S. (1974) (Review Article)
Cohen J.M. Sarill WVJ. Vishveshwara C.V. (1982)
Cooper D.H.ct al
Ebner C. Sung C.C. (1975)
Ebner C. (1975)
EnslIeyD.L. (1970)
Eve A.S. (1926)
Everitt C.W.F. (1977, 1978)
Fairbi-k W.M. (1968)
Fairbrank W.M. Bol. M. (1961)
Frishch D.H. 1(asper J.F.Jr. (1969)
Gonzalez-Martin G.R (1976)
Haas M.K. Ross DX. (1975)
Hendricks J.B. (1975)
Hoidemnan LB. (1978)
Hoots F.R. Fitzpatrick P.M. (1979)
Latham R.Last..(1970)
LenscJ. Thirring H. (1918)
LipaJA eta! (1975)
Maddoxi.(1984)
Maugin G. (1973)
Mazeh T.Katz I (1975)-
Mercier AKervaire M (1955)
O'C~onnell R-F. (1968,1969. 1972)
Palamara RD. (1966)
Papapetrou A. (195 1)
Papini G. (1967)

Pirani FA.E. (1956)
Sanders G.A Prentiss M.G. Ezekiel S. (198 1)
Schiff LI. i ii iii (c.1 960)
Schmutzer a (1978)
Scully M.O. Zubairy M.S. Haugan M.P. (198 1)
Trimble V. (1983)
VassavILet al (1982)
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21. GYROSCOPIC STABILIZATION-

21.1 General

21.1.1 Authors

Bonzov V.I. (1976)
Butgakov B.V. (1954) (1952)
Chclpanov IB. ii1(1973)
Henderson ill. i (1905)
Johnson V.1.1(1913)
Kachurina N.M.(1976)
Kry-zhanovskii G.A. (1970)
Metelitsyn 1.1. (1952)
55.G. (1939)
Sveshnivov A.A. ii (1956)
Todd F.H. (196 1)

21.1.2 G. B. Patent Specificrations

147062
148458

21.1.3 US. Patent: Specifications

3250137
3576134*

21.2 Ship Anti-roll Deices

21.21 Authors

Anon (1907) re Schtick
Brebbia C.A. et a! (1976) (See p.39)
Burger WV. Corbel A.G. (1966)
Cronemeyer R.N. Nelson L.W. (1968)
Ducanep. (1964)
Fersh S-N. (1968)
F~ppl A. i ii (1904)
Ford H.C. (1914)
Fuchs A. Katzayr L (19 11) Scc P. 1526
Heal H.T. (1964)
Hess H. 111(1907)
Lorenz H. (1904)
PerryiJ. v (1913) (See p.4 47 )
RoitenbcrgE.ZYa. xi (I196()
Schtick 0. i-%iii inclusive (c. 1904)
Skenre: R.G.iii iv (1915-1916)
Sperry!:BA. ii11 ii ii (c.1 910)
Sehilovsky P.P. ii (1932)
Voffson 0&B. et a] (1973) (note not anti roll)

See -Scientific American June1 5, 1987 pA49 Rcace trials wit.. _Scnbliek grosat

21.22 G.. PatentSpecifications,

3231 of 1863 18101of 1913 1±10341592
19886 of 1890 582o11914 1611 -1 34 97 33
6943of 1903 94 0 of~ _ 19141; 3684281
1643 of 1906 64 74of1915 194-3672

17156 of 1907 8 6 1)o f1915 133
629of 1908 1075 95689s
731 of 1908 125096 402345
21115 of1910 13 706 0 106

*ma~haatical exposition and extnsive earlier ar ete

"history and miathemiatical diisfaron
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428533 564722 820431 1170596
430866 581776 821748 12400-52**
439630 585751 829821 1381436
447259 635192 829822 1383348
458747 647930 957062 1413745
536031 670983 989751
549843 719925 1070211

2J.23 US. Patens Specifiations

1183530 1558514
1232619 1610853
1236993 1800365
1312085 3279263
1318302 3576134
1452482

Gyrostabilizedfumnitureforships

432070 622956 1101676
539953 701156 1323424
575005 926111 1416070
583155 941428 1846293
611833 1039185

21-3 Stabilized Platforms

21.3.1 Authors

Alfdyacov AA. Borzov V.1. (1980)
Arnold R.N. Maunder L (196 1) (See p.394405)
Ausman.J.S. (1957X(1963)
Balachandra %I (197 1) (p.27.28)
Beggs JS. (1966) See P.206&209
Bocbarov A.F. et al. (1985)
Boxenham B. (1965)
Buchranan JAL.(1963)
Cann~on R.H.Jr. (1958)
Carpentier JL et al(1962)
Franklin WS. (1912)
Gadershin TX~ (1973)
Hamumerman W. (1963) (See p.1 79)
ld V. (1974)

Hunter .11-. (1972) (Carousel v Platform)
Katakashcv VA. (1959)
Kearfott Co. Inc
Kroazmann U.(1976)
Kuzovko N.T. iii iii (1958)
McDaniel ODJr. (1967)
NlatasovA.I.(198S)
MatrosovV-%1. (1960)
Maxwell P F.( 1 75)
MitsrzoniT. (1958)
Odintsov AA. iii (1973)
OhlomR(1965)
PerryJ. iv (1908)
Pitman J~r. Goodson R.E (1 963)
PriestlcyR.N.Towleri.B.(1985)
Rcshctnik,-wVi(1961)
R -kin S-S. Tyuncva ONV. (1974)
Schwiecr W. (1976)
Sbhr Lee (1962)
Sullivan G.L (1964)-
Truckenbrodt A-.Muller P.C. (197i7) _

Wrnter H. (1974)



21.2 a.PatcmSarcfcaun

223of1871 647230 909477 1120181

1076of1873 647983 917168 Mi i 9

14208cf 1886 649703 921740 1134117

20220 of1889 649704 935976 113511H

25737of 1898 657668 942060 1141384

3824of 1905 657669 942825 1141385

12707of109 657670 955911 1170585

11774of1910 657671 956264 1!78"83

20373of1910 663437 95856219253
738Of 1911 66562i! 962669 1102456
22260of1911 668462 971852 1203,41

4131 of 1912 694867 973629 1 1 .6

2294of1913 700315 976517 12160"1

3318of1915 712993 978710 1219862

105753 731561 979580 12308i6

127055 741960 986318* 160617

128236 749987* 988089 126144

205535 749988 994465 1 5

262188 762301 994S96 128864

282633 762346 10095i26 j97429
290203 763750 1015943 998q2

309150 777245 1023554 131 8
137928 777818 1028122 1319398

360259 790637 1034314 13l3($5

425034 791556 1040004'
427511 797929 1040392 I 340

444827 810440 1050530 1349229
451337 82048V' 1051905 1353285
581891 826418 1054032 1353258

582329 826419 1055338 1375147

584451 826420 1064219 1388082

605955 833400 1071371 1394663
630019 839024 1675277 1421275
6115 854393 1078356 424016

611008 854506 1078357 1431432

611009 356685P 1079310 1467559
611015 863456 10178 1484793
611016 863457 1092162 1499923
611017 863458 1093549 1514780
611018 865344 1093550 1521638
611019 873128 1097682 2056063

611020 876424 101934 2082801
611023 881722 1102813 2084727
611046 884061 1109615 107865
612832 890489 1111456 2137445
6225 895999 1113642 2160647
643749 897756 1115832 2176004

213.3 U: PatmSpcflcalins

1050153 2320354 2667194 2936627

1112977 2405058 294:497
1251666 2409875 2729108 2944426
1446148 2414291 2740299 2955474

1501kZ6 2469782 2752792 2960R78
154842 2517612 2762123 296968'
1589039 2533217 2771779 2970485

135058 2542975 2809528 2971383

19082 2591697 2835132 N-7806
194756' 2595951 2845800 2%6943
1972H82 2598672 2855781 2Y_091
199919 2603003 2898766 2995934

2008058 2606448 29024 2999391

221 0396 2613538 2928282 2

_ _ ____ -; _ _ -
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3003356 313897 94 3383926 31931747
3009361 9'- 343268- 4.068538
302-9646 320.6 145 34512M5 41r579

3056303 -JI43719 4152942
05993269'195 3489018 4193308

312774 3292 4.52184287
3140482 37S5M7 31616699 4275605

16422 6c41 3648425 4442435
1EM88870175 3747418 4472-978

3"14983 32%3919 3811329 45013
32YU179 33w]1I 3818767 457379

322103327 D9 3871236
33 21 22 A327540 3877.316

M.93369410 3918309

1]A MunuraLMonocr. Murnoule

21.41 4wchwx

Bo (mT 19 lb
BoucG l5''
Brcnnan3L-sI =91D)

c2arva1o.NE ML1 R-9-1 901)
Csmsmnsflg'.
DantznCiuf ;1lj
D'ckmnsonAAj1110)
Dnicker(191G-')
EdtHlO!

FranklnWS r19i.Zj
FuchsA. Kammayr lR(1910) tSm p.i528
Gin J.Cz (A'p28-48
GravJ. ii rI4914111914) pI-5-p.244
IarmlPAetal t.2

MfuntnnnonEV (1910)
Johnson V~NwP-1 v(C.1911)
Knloff(190fl
Kudol' ('911'

Kub1--rX..(19ij
Pztri.J(19..1,
PcrrvJii r(I8HIt
Ross .FS-W, (1933-)
idchcdcar. 01910j
Sduknlo'kvPYP nvt i (c.1910-19,4
Skutsd (1908lj
Stone 1.15Wf107

wonl M. (1908)

See Engineri 89 (1910)p.5,7- 69

Engineering393 (190 7 )p.794

21.42 aaR ParemrSpcrai

2212 of 1903 2-60-U Of 1909 72o 191 37734

15869o!19 0 , 27838 of 1909 24518 of 1912 419210
22884of 1907 278319o1 1909 29530 of 1912 980529

I 112211 of 1908 25,,03ofl910 29678 of 1 913 1179481
13741 of 1908 29892of 1910 941 of 19141119
2'1843of 1908 1-1399 of 1911 108695 1315119
12'02:of1909 '21260Oof19!1 127334 2101313

24112of1909 2817 of1912 340105
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21.43 LIS1 PatrSj icm

991485 3145797
MOM03 3:501
1513143 3277840
2415456 3373832
3124007

1732 993103 1432655 26073e0
1768%4 1019942 1431183 2976820

t_-- 104168_ 1875248 2985114

208738 1(04206 1947119 3012321
99SIMe3 1042067 1986,845 3111912
453; 17 1043794 2178351 3319581

496293 10-79 2233569 37-30103

684329 104141 234697 3881427
751960 1964,T2 2412598
821V63 1245480 2469042

S25958 137_526 2578267

330359 1311018 1642562 A040678

376r2 13!4202 1743100 3055314

42984 1328163 1778332 3057305
433V 1355861 1801141 3072075

46US 0 1385754 1824291 3092039

58 13719 1828603 30' 2090
61396-7 1853570 -394-79

8i123 140102 164922 3134342
1405079 18 .907 3193140

85381405757 1991818 3-224381
3714697 2038824 3252429

s1!3 1411545 2265385 3324306

91CC 14"55 244o19 3353503
2532661 3361084

91 2 tf=145.- 26962 3369501
94 160a534 25677573 3556016

W78 1 4-311i 25' 1948 3610156
14699-8 285302f  3759190

291-5 3802351
i ngu 15'035 2943581 3855941

1 -02o 15i - 2949,64 3902432

i -_7007 155122 2968257

2it GtmnSbigzcs

nn n W2..ii(1909)

Hmm CR. Lnm L.E (1944)
Panv Ji(190V8)

2.12 C.. ParenmSpdflcLa.lif

946ne iW_'9 146481 616517 657668

i 042 d.9 146482 616602 657669

l!174 of 1910 146488 621836 657670

147085 623009 657671
I260fl 06W' 633474 720079

128236 593020 633866 72008

146478 611 -09 636117 72249'

146488 616516 650449 724896

r* ' dijfU- fl

a
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724878
724879

904570
144282

21.53 US. Pafcr SP-aiiOns

2509446
2586817

21.6 Smad1s meS

21.6.1 Azhuor-

dePowivcsDRafSR.(19-
7 )

Dkcnstcb C (1915)
MalC%-sRJ.(1980
deProsvmkiM.G.(19lO)

21.62 G.B. Prr Srrfi carioni

10757 of 1906 553730 864751 1160528

150995 559895 881722 1161481

155053 560875 890264 1 163017

200098 582257 901220 1168261
218415 611019 985976 1170596

219082 612-'39 1015916 1230846

223610 61232 1093131 1235175

275649 643410 1099026 1235707

284871 649703 1142977 1297729

315966 764727 1149164 1339379

373832 777245 1150699 1340212

3822453 808829 1151559 2042724

456o1 846879 1159770

21.653 LUS FaassirdflmOm

1050153 26030 3742770

1112997 2734280 3784363
1324477 2811047 3871236

1650280 2845800 4026383
2432430 3313163 4180916

103417 1092704 3515015 3958787

378430 126720 3559937 4010923

439098 1150304 3712571 4034946
625392 1177165 3713612 4044982

671661 1186992 3740011 4083:524

936769 3436050 3782671 4113215

1082053 3514592 3870265 4129280

21.6.4 Ru An Pm S -can

469896

21.7 T.lateSbahistio

21.7 A.ut2

j 5 39 5 
8 !N



140

21.Z3 US. Paten, Specification

4010365

21.8 GYroscouic Absorber

21.8&1 Author

ArnoiR.N. i (947)ii (1963)
Arnold RN. MaundirL (1961) p.185 e-seq.
Bajachandra M. (1972) p,19.20
Brebt.i.a C.A. et a]. (1976) (p.248)
Kukhteuko AJ. (197 1) P.2 4 9
Matsuda M5 OgawNa K. (197!:)
Sneckenberger LE. (1973)
Sneckeniberger J.E. Butler MAY. In Meai Ncou (1975)
Sneckenber-ger I.E. Clise R.A. (1974)
Srinivasan A.V. (1969)
Tqdd F.H. (-1961)

21.8.? G.E. Patent Specaficaldons

23828 of 1909
23829 of 1909
549893
565068
1196170
2133147

1.8.3 U. Patent Speci'fi cotons

11472721
3313163

>1.9 GvrOseOp;- Stablization Mathematical Irnestigations

21.9.! 1 nr

.'pykhitin N.G. (3976)
Beh~kovSA. (1'"I)

Bibilov lu. Nj. Lestcr A.M. (1970)
B,)ithuk O.F. Ternchenkc, M.E. (1959)(196 1)
Cbttyev N G. iv (196 1) (see p, 10)
Ch~zhan Sy, in. (1059)
Dzhagzirov GA (19T1

Gadel*shin TXK (1973)
Ganiev REF. Lvu',-Y A-1. (1976)(1973)
Gcernaide V.. Kraovikij N.N. (1957)
Go-ishovA.V. (1979)
Hauger W. (1975)
Huscyin K. Hlaut R.H. i (1974-5)
Kane TAR. Hustcn R.L. (196?-)
Kanel.R. Wang C.F. (1965)
Kha~rna, G.G. (1974)
Kolesnikov N.N. i (1963)
"Covalev A.M. Sa,,c.)nkoA. Ia. (1975)
Y crnenrulo V.V. Iii iii iV vi (c.1960)
KuL~npaLK.(1972XI92o)
Lakh~.arno.'N.M. (1974)
LesiI.aM',.2.SavchfrnkoA Ya. (1974)
Lunts Ia L. ii t(1960',
Lyapunov M A. (1907)
Lyashenke- V.F (1966)
McGill D-1. LongL1-. (1975-1978)
MagnuS K. v(1958)
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Merkin U.Kiii (1971) (1966)
MeItelitsYnJ1141952)
NabiullinM-K.(197",tI9a1)
Neira-arklu A.RFfeav NA. (1966)

Novoseloy V.5. Hi (1959)
ll e'pvr D.S. iii (1965)

'n E. v (1968)
Ps,.vnfberg E. Y%. v vi viii (1960-62)
Roscau M. (1Q66)
SehlickG 0- iii (1904) (S e appendix by Foppel)
Schuler M. v (1935) vi (1962)
Skiniel V.N. (1960)

K Sneddon LN. (1976) See Pages 4,27 525
Sokolova LBE. i ii iii (1968-72)
Thachenko A.!. (1985)
Willems P.Y. iid (I1974)1-(1970)

t
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22. GYROSCOPIC TOYS

22.1 Hoop

22.1.1 Authors

Bilimovitch A. (1916)
Pars L.A. (1965) p2 i4

Neimark lu. 1 Futacv N A. (1966)
Richardson K.IT. (1954) see p.41
(See Engineering June 7. (1901) p.749)

22.1.2 G.B. Patent Speciflications

1108483
1366500
2061742

2Z 1.3 U.S. Patent SFecificatom.

3531889
3619942
3956851

22.2 Diabolo

22.2.1 Authors

Crabtree H. (1909) p.4O e- seq. 120 e!,eqi.

22.2.2 G.B. Patent Specirications

14241 of 1906 23300 of 1907 20228of 1907 437374
18625of 1907 23421 of 19C; 27285of1907 591251
19890 of 1907 23444 of 1907 802 of 908 71406721203 of 1907 24126 of 1907 2778 of l9 l. 83998421500of1907 25283of!907 3381 of 1908 1041762
22984 of 1907 25360 of 1907 8498of 1908 1239002
23149 of 1907 256!0of 190 ; 13931of 1908 320091
23228of 1907 26160 of 1907 404807

22.2.3 U.S. Patent Sp. vfication

38h3985

22.3 Balanc~ng1.iys

22.3.1 Authors

No Entries

See Scivwfic Ameican 104 (IS,)p206I

223.2 G. . Patent Sper,,Eationw

26896 of 1911 163047 714!;
29092 of I -J!I 1 3168 7470342877 of 1912 409939 1 C,03755
24528of 1912 412112 1256545
16099of 1913 479430 1313697
142402 5.253' 1340683

3..3 U.S. Ptent Specications

7V45 188095 617665 829663
99644 484960 676141 8899/5"
127619 514995 698286 918545
139988 609332 755446 919349
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925479 1b13143 2736132 3621603
919669 1i35502 2747326 3628285
942952 158479 2762162 3646703
944096 ~ 16"7239 2991584 3674271

~64s1772208 3G86316 3700239
975988 2018729 3137966 3726146
9992A7 214'374 3287846 3874663
101 1202 M131 3365835 3945146
1022236 2195083 3370377 4017083

109895 364117 -425 4150580
1188488 2458851 3955429 4277912

4 1250266 2493834 3523386 4327518
1351630 2-513066 3533187 4400908
1363718 2666276 3617056

22.4 gites

2Z.4.1 Authors

VanNieW.,'I91 1)

224 2 G.1 Nte~ms S,7p-cau'ons

W481971/8

2Z4.. U.S;,tr!se.kio

966143

22.~ 1-Munual Rotor And other Gyroscopic Exercising Systems

NFntiecs

2252 G.. JAPtcni Specification

1333529

a; - U.S. Pate,wSpecifications

107M77
3617056
3726146
4150M8~

22.6 Bliing Ball

22.6. Authlwts

NG Entries

-1-362 0.3. Parcsd Specifications

20863,)f 1911
26401 ofI1I

2z .2 Us. PaternSP~fem-jains 1
41510580
4i83527
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22.7 Gyrc-ropic Golf Putter

22.Z]1 Authors

No Entries

22.72 G.B. Patent Specificationts

No Entries

22.7Z3 U.S Patent Specifi cations

2432450 3394937
3182508 3677553
3270564 4017083
3333854
33S7844

22.8 Spinning and Whirling Devices

228.1 Authors

No Entries

22.8.2 G.8B. Patent Specifiations

No Entrics;

22&3 US. Parent Specifications

Edhors Note:

lIn the original work-, Mr. F.W. Cousins lists under this caiegory scrne 2500 U.S. Patents. For the purpose of the
AGARDograph it is only considered necess--iy to record their e-xistencc in tot--: rather than in detail.
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23.' ROTORS DISCS AND SHAFIS

23.1 Authors

Arnold WN. Maunder L. (19 6 1) P-100. 102)
Bilimovitch A(1916)
Broomall C.M. 1 (1907)

- Brosens Pi. randall SA-. i ii (196 1)
G~cke H. Stephan WV. (196 1)
GrayA. 1 (1904) (Loss of'Cob-a-)
Hendercon J.i(1905)
Hirnashiki-H. (1969)
Huscyin K. Plant RI. ii (1975)
Kalley JJJr. (1975)
Karelin VA. (1973)

- Kane T.R. Houston R.L. (1962)
Ker-Wilson W. Harris WJ. (1957)
Kiitter(13n1)
Lanch c-ter F.W. (1908) ( n.386 )
LumetM.(19Z2)
Mann J. Clenments B.B. (1954)
Maxim 1HS. (1912)
Means J. 1912)
Meirovitch L.I. i (196 1)
Ovchinnikov P.F (1957)
RedNW.E. (1974)
Runiiantsev V.V. (1976)
Sannsonov VA. (1979)
Sann RI1. (1970)
Scarborough J.R. (1958) Se- p-99
Sldeh R.C. (1984)
Stodola A. (1918)

FSuvehiro K 1926)
Watson W.W. (1908)

- Whitman R.B. (1908)
Yamada Y. (1967)
Zeigler H. (1956)

23.1.) G.B. PatewzSpcyifcali-Ins

401962

1196170

23.1.2 US. Patrent Specifl cation

4026383

*Nathcrnatical dissertation
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24. THE MISSILE

24.1 Discus

24.1.1 Authors

d Adhemar R.(1939)
BonasseH-. (1923)
CharbonnierPJ. iii iii (1907, 1928,1921)
Gerlach E. (1886)
SoongT.C. (1976)
Tbe Sunday Times (front page, 26 June 1977)
Vann MJ. Ruijsenaars H.W. Rowics 1.E.R. (c.1 July 1977)

24.2 Boomerang (Wonguint)

74.2.1 Aughors

Bouasse H. (1923) p4 0 6 etseq
Charbonnier P.J. (1907)
Erdmann E.O. (1869)
Gerlach E. (1886) (See p.8 5 etseq)
Hanson MJ. (1977)
Hess F. (1968) (1973)
Higginsl-H.H. (1876)
Howiti A.W. (1876)
James B. (1 971)
LuniholtzC. (1889)
Musgrove P.J. (1974)
Myth"R. (1878)
Routh J.E. (1884) p.1 5 3

StilleW. (1872)
Sharpe J.W. (1905)
Smyth RB. (1878)
RhomasJ. (1983)

Walker G.T. (1901) (1897)

24.22 G. B. Pa.-ent Specificarions

26067 of 1902 1270 of 1908
7750 of 1907 13240 of 1908
10163 of 1907 180594
I17839of 1907 13210091
2b021 of 1907

24.23 US. Patent Specifi cations

532-233 1759471 2838310 3507497
692608 1826905 2953378 3565434
906206 2324022 2972481 4103983
925445 2361988 3312472 4106770
107072 2-683603 3303909
1245279 2816764 3403910
1547558 2822176 3467385

24.24 German Patent Specifications

411717
577412
2354079
2438016

24.3 Oblong Missile

24.3.1 Authors

Chetayev N.G. iv (196 1) p.10 1-105
Greenll A.G. SNV. iii (1914) (reprint 1966)
Fowler R.H. ct al (1920)
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Fuchs A. Katzniayr R.(1910) (p.1574)
Henderson .J.B. SW. ii (1909)
3&uffret MI. (1874)
KrylovA.N. (1927-1929)
Lokshin B. Ya. (1970)
Magnus H.G. 1 (1853) p.2 2 0 -2 2 3

- Rees M. (1946) p.15
Sparre dei ii iii (1891. 1911. 1875)
Takao K.(1964)

24.3.2 G.R. Patent Speciidilons

13057 of 1915
920713
920714
1141999

24.3.3 U.S. Patent Specifications

1181136 2158180 35411291 4450451
1316033 2805577 3824865 4467639
1316363 3077786 4155521 4491029
1459198 3078728 4189946 4510869
2402718 3276270 4431150

- 24.4 Sea Torpedo

24.4.1 Authors

Cohen P. (1952)
DumnasA. (1915)
Giray J.G. iii (1914)
Klein F. Sommerfeld A. Part iv (1910) p.78 2 etseq
Sears WJ. (1898) fine plates
Sperry EA. ii (1910)
Williamson W.P. (1916)

24.4.2 G. B. Patrent Specifications

12169 of 1897 53 14 of 1915 13445 '278015
8738 of 1910 13813of 1915 13587-1 295047
2728of 1910 14654of 1915 146712 30603
27871 of 1910 1578of'1915 149388 322467
28558 of 1910 15772of 1915 149439 323195
2105 of 1911 17300of 1915 160285 378545
8002of'1911 17895 of 1915 165034 381150
18861 of 1911 17897 of 1915 173541 433404
332 of 1912 1O00393 185162 582F.45
2699 of 1912 1012215 1914017 636117
11459of 1912 101298 1914110 715.433
29531 of 1912 103007 199804 740c8l
6163 of 1913 106299 209799 ~ '40696
6272 of 1913 110157 2142 1 5 ~ '58335
7160of 1913 117825 214561 9~05330
18859 of 1913 126689 230835 920713
28748of 1913 1273N4 231229 920714
10289of 1914 127662 234419 1169161
16328 of 1914 12 82 36 238242 1347462
16900 of 1914 128962 242893 1446362
18408 of 1914 130426 244302 2106245
1645 of 19 15 131037 260352
4032 of 1915 132301 268833
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24.4.3 U.S. Patenp :SPcicat;Ions

20666 of 1878" 983467 1312084 1527777
3824 of 1905 1030134 1314157 1554732
28124 of 1906 1033994 1318980 1598107
11833 of 1907 1033995 1322232 1772348
19987 of 1908 1077344 1326571 1855349
27923 of 1909 1080166 1332302 1973545
311325 1098074 1360259 2419164
458677 1127403 1360325 2453828
562235 1145025 1370285 2543422
591768 1150678 1378291 2725841
607440 1156350 1402745 2754789
621364 1163606 1405078 2788761
661535 1163607 1410931 2955557

716517 1179439 1 = i 2 r ... , .

741683 1179440 1420231 2986109
785425 1180365 1421854 2986110
795045 1189239 1428568 3053217
814969 1197134 1431140 3067710
818987 1204852 1431141 3083666
839161 1233761 1431142 3332382
894838 1295003 1431144 3496526
901355 1296329 1440578 3714917
917449 1296330 1446276 3756538
925710 1304255 1527775 3826210

24.5 AirTorpedo

24.5.1 Authors

Grondahl LO. (1948)
KclerC.L. (1961 )

24.5.2 G.B. Patent Sp*cadons

29531 of 1912 579816
103557 582840
133314 582841
467712 582845
579807 1446362

24.5.3 US. Patent Speiyiations
1376192

1418605

24..4 German Pau-- - Spfcication

305620

24.6 Rocket (Guided Mis, e)

24.6.1 Authors

.Anon (197 1)
Colbert D.C. (19581
Efimov M.V. (1970)
Hansen Q.M. ct al (1967)
Levinson E. (1959)
Manlre C.T. (1972)
Miller JE. Feldman J. (1968)
Navior GA. (1977)
Nesline F.W. Zarchan P. ( 98 1)
SalabrryB.de(1985)
Schwieder W. (1976)
Stevart RM. (1959)
Vergez P.L McClendon J.R. (1982)

I ________________________________
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VermisherYu. K.
Yagodin \M Ikhebmikov GA- (1969

24.62 G.B. Parrprfitaliom

27,923of 1909 958415 1132779 1385391*

641934 959069* 1136054 1394663

740681 1015916 1138334 1436941

740696 1020200 1141999 1446362

778680 1023903 1161481 1475112

784576 102476 1170596 1478792

793795 103139% 1180546 1486537

8324S0 1039695 1181685 1491953
8339770 1053713 1I8807 1497065

842775 1066914 1z4Oi 15395S1

864751 Ic75l05 1250769 1543630

874101 SUM79C 1207T0 1598506

879533 1086178 1280190 200541211-6 1- 20S4727
912671 1102813 1326791

938957 1109615 1330550 2102571

951735 1109634 1332911 2129554

95 267 1116801 13518-73

24.6.3 US. PawrS d-olrs

976732 34176 4111'52
2079559 326308 38.8 30 4116404

2158180 311326 39o 4218827

2815584 344354 40iO0W 4236414

3067682 3570'82 40i78 4491029
3077786 3604277 4 M87919 4510869

3162052 36if1H53 409i5 4522355
31(.5282 o 47162 41 4606239

Mamtc1&gV5E
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25. INERTIAL DRIVE.S AND MACHINES GIVING UNI4MIRECTIONAL MOTION FROM ROTARY
GYROSCOPIC MOTION (A.Nn-GRAVITY)

25.1

25x11 Authors

Aneu(1976)
Bri4hzvanP..(1961)
Charnna PYC Ezekiel 5.41965)
Ciz TW (.929j
Cohien I.M. SariII WU. ih vesh wara CY. (19 82
DililaA.4I968)
Dwiyerl. (1976)
FeltJL.V(1962)
Haynasaka H.{19781
Jo~nesA.C(19753
IaithwaircRR i-iti inclusived:974-!977
Leipholz H.I(1968)
LogDjLt(1976)
Pagvs M. (1974) (See p.23 re Drone? project)
Sbaldr R.(1974)
Toumnay-H-inde E. (191 7-18)
Vineendon D. (1974)
XVaIgatcE. (1974)
Zhuravlev V.F. (1982)

S ee D a ily Ex pres (o v. 9 1974A)
Anti-mral4Wbreactrough

25.1.2 GB. ParemrSveciflcarians

422577 1511040
1081795 1535174
1202456 2-090404
1412146
1479450

2:%1.3 US. Rwent Speci 7/ratins

1947562 3 404854*
2734383 3595915
2886976 362i6605
3006581 3653269
3233544

b-5.1.4 German Patent srxivvf;orn

2341245 Offenktauno-chift"
2416283
2442004

2:%.'.S French Patent Specifi cation

1063784

".1.6 1nlerna tiara! Parent -SpecilQcalion

W086/05852

Sec LaithaiteE _iiil95

Thbishwnmtionwas demonsmted t Ite .German.. 'tent office in Munich on 30 April 19-,4andvwas su-porled bvahtatto-v Deelamlion
tnsup)OntOf itSnonin b Proft itPLizlmrite dated 2 October 1973,The same de%;ca x srn twokbyMr GK C.Pardoec! Hawker
Siddelev Dyrnamnics Ltw and this is mated in a letter to the inventor of 14 Nov 19721. A subsequent Tecthial Note T-N 3928 of 5 March
1973 -by Uawter Siddele Dynamics_ wrttnen by A.Srnith attempts t,. show -hat the machine cannot work fromn a mathemtatical analysis



26. NITE~I AU NALYSES AND THEORY

26.1 Matheinstical Analyses Before 1900

26.1.1 Authors

Allen C..(1856)
Badcri-Powelpl(4)
Barnard.I.G. (c.1858)
Bour(1863)
BridgeJ.(1357)
Briot (1842)
de Brun 1. (1893)
CyleyA. (1862)
Charnousset F. (1891)
Clark J. (1865)
Cook W(1857)
Curtis A.H. (1862)
Darboux A. von (1885)
De Brun F. See Brun
DeloneiN.B. (1892)
Duchesne G. (1897)
Euler L. (1707)
Ferres N.M.1870)
Frisi P. (1793)
Frenzel C. (von. (188 1))
Gilbert PL(1877)
Grecnhill A.A. (1895)
Gy-ideaz A. (893)
Hadantard3. (1895)
Haiphen 0.1. (1885)
i-1a~ward RB. -Z864)
Hess W. (1882-1890)
Henry M. (1885)
Him M. FaycM. (1879)
Jacobi K.G.J. (1827)-ti1862)
Jouffret M. (1874)
Kobb M.G. (1895)
KoenigsMN. (1891)
Kowalevsky S. (1889)
LandenL.(1777. 1785)
Liouville 1. (*1858)
Mlodzeevskdi B. (1894. 1896)
Mlodzeev-skii BY. NevToov PA. (1893)
PadovaE.- (1884)
PainlevilP. (c.1891)
Person CC(1852)
Poinsot L(c.t834y*
Poisson S.D. (181!5)
Powell B. (1854)
Puisesix V. (1852)
Routh Ej. (1884)
deSaint-GermainA.(1887-l8F,9%
maint-Guilhens P. (1854)

Sonioff 3.(1855)
Siewmr- R. (1858)

Sylvester Mi. (1866)
Villarceau Y. (1855'
VoltcrraV.0(898)
XV. (1856)
W~orthinerion A.M. (1897)

a vriute. century ms See G.8. Pazent Spvifisns1.48
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26.2 After 1900

26.21 Atuhrs

AldoskinYu. G. (1972)
Anchev A. (C.1962)
Andreev D.V. (1983)
Anon i(1907)
Anspach (191 1)
Ardonin UN. (1970)
Arkhangcl 'skcala M.1Ju4 1982)

Arkanelskii uA-(1963-7'
AsticrM.(1909j
Barton E.(1910)
Belikov SA. (1981)
Belitzkii VV. (1957)
Block A. (c.1944)
Bisconcini G. (1935)
Blokhin UN. (1971.1974)
Bogoiavlenskii HA.(1958. 1974)
Bogoyavlenskii 01. (1985)
Boksheiish Ml. (1981*0984)
Bolodin S-.(1984)
Borzov V.I. et a! (19744-75)
Urvuno A-. (9")
Bulgakov B \T (1946)
Buralkhiev&S(1970)j
Burlaka Pk-M ('974)
CapodannoP.(1977-I
ChelnokovYuN- (1984W)
ChessinA'S(1909)
Chctayex NO (1954)(Scclaundcr Liii 179 p12-14)
Clauze! G. (19121
Demn uV.G. Kieev F.I (1974)
Deuntchnko V.19241)
DiaziJ.B. MetcalfF.T (1962)
Dmi trev Au et W1(147'z)
Dobsteich Al. (1968) (1981) (1984)
Dm6f V.N. (196 1)
Elfmov VS. (1974.19 8)
Er*SabaFNRM.(97811l9x11
Felstein M.1974)
Fradtin BJN.SivusrcnkoX . (1975) (149 references)
Gabrielian NIS. (1966)
Gashenenko l.N'.Kasvnnik 'C %(1983)
Golubev V.IN. (1960)
Goldstein H. (1951-)
Goodmaon LE. Robinsn )LI ( ji)7)
GordonE.-Ya4(1973j
GorclovaLEYa.StytniX.NV. (1985)
Gorr G.(1974) 111),u
Gmyson LP. (1965-) See p-91 historyvof Lvpunov ot Kzr-nl
Gdcli G.(cJ194T)
G rob o v .A.LK cintvu'ba AX (1 1)
GuliaevNII.. (1973)
Hahn W. (1963)
Hammon Rt(1961MI
HadingC.F (1964)
Horoitz I-M. (19631
Islznshii Mu.NHO 19'9ti
liiskii.A.Y. et a] (19-855
IinE.(198'9)4
KaneT.R. Cia B&- (19--,
Karapctnan AX'f 19j;)- -
KarelinX V- 4-U (IQ
Kharlaiiv M.P. f19-8'
XKha r1anoxv ' 1I O31
Khuaano%&SA Hii V~
YKhaLvi%-fa
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tiinov D-M uiix vui(eJ1968-7
4-)

Kiokov A.S. SamlsoovX VA-4(985)
Kubrin AJ3.et al (1197.61
Kolcsikov\I.(1963 z966)
Noniro V.N. (i98-q
Konosctvic Bl. Pozdroviil EN. (1965)

- KosbiaoV il 0=3~965)
Kovalev V-M in 3

KozlovV.V.(1974) j197'l)
Krerncntulo V.V.%i i-11974)-

KushnlM1Ia.(19-thi
Kui-minaR.P (IQ7-;
KuzncisorLi (190',)
LaithwAite EJ.Rniv(9j
Lamb H. (1914-19

LcbcdrvDs-vd o=la- i-~

Lianis L -(1966

Lin nik uuN. \omch V-S.t19 5 31)
LolcshinB.Xa.(19=Gi
LontlandWNN (191 feieraflay
Lore=nzIt(190-t: 1919i
LuctzkcndorfR.11M
Liunts Jlat ii in (19610i
L%-ubimoDvaA.''.I-SII1
Nicrill DJ. Ltr L.S.r ',ii1975. 1977)
MaNLnWS V-v x(1940- 19. 1 )
NlakccviNM .(M9
\Madnbakh 'l %. ji9

Mdiroviteh' l9 -

Markin DAL iv(VM' !974)(19S,3)
McuaIA-(1% j3
MilnorJ..(9121

Nabulin M. 19=-
NarmanovOGS .(1' -1

NCThrkB-in11-9-1-i-i5
Nikirlox-ovx.-MA-.0hzi
N.ikolai EILL.(1"9Y
NoavoclovX.S. wj -59~6

Orcshkia IN. 1tnre--ziA-P. 98-3)
Osan C. (19i 1 i uM 2

ParkerL(1%',-
PusLA. (II

P-AaokM .hrJi ..- 'nano GM (9

PfciflcrF'1 0 -!I

Poihadsn RFK -iA07 1

RoixnbrrE.Xr(P

Rubanovskn'* £rtnfl' s1a(1969J)

SachkovG.P.(19-M

Sachnikoa4.21 
__

rtcvflK=19611583
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SergeevV,..(1976)

Slate F. (1912)

Slonuianski G.A. (1953)
Smirnovi. RP. (I1974-5)
Sneddon !.N. I.N. (E;d) See pages 323. 327, 90g/9. 335. 587-592,641
Soholev V.A. Strygin V.V. (19 :8)
Sokolova L.E. i ii iii (1968, 1972)
Soisnitskii S.P. (1982)
SffickelPF.(1l901-8)
Stepanova L.A. (1974)
StieclE. (1976)
Svetlov A.V. (1938)
Tabatovykil A.M. ii P ii (1960-11061)

V Tatarinov Ya U. 0'97 4) (1983)
Tea P.L. (1932) (elementary)
Trhoma CJ. (196 1)
Tkaceeko A.!. (19)33; (1X085)
Tsebnan! %h'~l. (1972)
Tsodokova NS,. (2965)
Tsopa M.?. (1979. 1980) (1984)
Udesehinti P. (1942)
Valeey K.G. ( 174)
Varkbaiev hr.P. (1I982. 1983)
Varkhalev Ye.,'. Gorr G.V. (1984)
Waters D.C. (1962)
Weniglarz R.A. Kane T.R. (1968)
Wippel A.P.R. Maunder L. (1963)
Wolff'CE.Q(910)
Woikowizsch D). (193Z)
WeudeW. (l923
Yadhya Kh. M. (1585)
Z-ajac E.E. (1964)
Zhuravelev- V.P. (19 73)
Zlocihevskii 5.1. Zbharko3v G.Mf (1983)

26.3 A Rei'ew of tie Mathematical A nalyses listed previnusly

The mathematical investigations into the dynamics of an absolutely rigid body about a fixed point have been extensive, bothin Europe and in the Soviet Union. In Europe we have the early work of Hess. W. (1 890)* and tlhat of the. Russianmathem~atician Sofya Vasilyevna Kovalcvskwti (1850-,18921".

Kovalevskays formtilated tJn statemenctt of the exhbtunee of unique solutions of the proben of the roitation of a heavy bodyabout a fixed po)int Her c!assic- work is well explaied by Tabor, M. (1984) who -howvsthat it concerned the solution of the
Euler-Pisson equations that describe ;lhe motion of a top spinning about a fixed point. Tney err a set of six, first-ordlez
nonlinearly coupled, ordinary differential equaptions of the form

A-tLP=(B - C)qr -, + ) -- ~l-yq
a, d!

1; (C -A) pr --y-+r 4  dfi y -dt- iTY, a

dr d

wher- tp, q, r) and (a, ft. '4 are the compont A4 atgular velocity and the directtou cosines (that define, the orientation of
the top) respectively. The variables (A, A C)e-nd (x,, yb, 4,) arc thermoments ofiner~a and the position coordinates of thecentrc-o-.'gravit respectively. Thiese. are the adjuqtable parameters of the system - for different value. of whizbi the sleteal
may orm ay tint be: integrable.

CSee Stepeanva, L.A. (i) 0, rtbo'ok ILM Goriacheva po chnarnil 'go ida NMektantka Tvcrdogo 'ibls Kiev (1969; pp.65-75 Wi) Y.isrora -eshersia V~ (rssa zadachi o drizheni, dea re ish~b hj r t',111.iu tocliku: 0 nekaworykh obobslzcc.u.iia anzn'anrnoigo -soort'oshrniia Grsa MecbLnikalTverdogo bbIl ievt 1970) pp.-

"Scc llubarinova-Kohiriai'.(1957: Eilseots .. ) (p p 0 '-. 1-250: Kmmier F,..PA973) Tatbor M.(1984t
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The solving, or integrgling. of such a systeom of equations proceeds by identifying the integrals of the motion - a comipi..Iinl~gration requires one to fin~d as many integral- -tr the order of the system (six ini this case). VtK.,, integrals are variou s
a. analytical functions oif tlii- pzndcnt variab es thtt are constant in time. From fundamental physical considerations there are
Ufcertain ek itcal >ttegrats that cunt e ideatified immediatcly. These are the total energy, the angular raomentum and. from

simplc geoietric considerations. the sumn a' + f2+ y2. As it turns out, with further standard simplilicatiors, a complete
3M olution of the problem requires thc find-til of ontly o'ie more integral. The quest for tF s, fourth integral became a popular

problem-rin eighte-entit and nineteenth rentury mathematics. However, it could only be found for three spa!cial cases: the
tt iil case of A - B -C, the case x. - Y, dueto Euler and the case A B, x, = yo= 0 due to La,,rantge. Agcticral

9Ssolution to the problem, according to Tabor, sented lo be unobtainable.

Thz~ quest fo.7 the existance codditions of the fourth integral was finally solved imieralia by Pjincar J.H. c.1 88;. See Sergeev
V3.. (1982)_ Pin'.cv6 P. (c.1891 to c.0900)1-lusson E. (1901)Burgatti It (1906-1910) and Polubari,:ova-Koehina (1940). For
a comprehetisiv- work in English see Leima-ni' E. (1965).

FradiftB.N. ai,4~.Slyusarenko V.M. I1 9751*. - translation of wvhose work is reproduced below.; show that attempts have been
mad t obri th euatnis u-at have the siplest form [17, 38,39.53,86.98.103. 108?*.Aeu lose to that expected

had clr--ay been obiaiw~ dhyW4Ilss[1211 it the 19th ccotuwv. Introducing new variables, Hess indicated a third-order
system., which, however, also contained leading variables. The Hess equations are discussed in the monographs of A.Grav
and V'/GoiubeN-2)11 avd the articles under the following references j 129, 135. 141, 144, 145. 1 46j

IN.Kowale'sski's problem of 1908t [1341 reduced to two equations. each of which is of the second ordez, under the assuaptiia
that the cc.ntre of mass of the body is found on one of its principal axes of inertia with t espect to a fixed point. Using these
equations, he succeded ini obtaining a new solution. Siilar equations are presented in the manuscript,; of S.A.Chapiygin
1721, where the firs integral of these equations is indicated, and the integrability case bearing his name is obtained.

1eeal~n the solution o Goryacttev [33].

Using theu us i miethods of analytical dynamics. Ililimovich if 71 and Kharlamova 1881 showed that the problem' can be

,.-duced to -a single second-order differential equation: however, the latter can prove to be extremely cumbersome.I

Kharlamov [ 110) proposed a new approach to the solution of this question. Hie noted that in the investigatton of the problem
of the motion of a heavy rigid body in a number of cases it is more convenient to refer the motion of the body to coordinate
ases that the author calls special. The dynamtc equations of the problem obtained by Kharlamov 1f103. 108] in the special
coordinate systenm h- the forn

j~~ ,) v b - b, z)Y1 (E dz z L v Z
2
) (b v + 6.-a, a, yzdx "dX

+ [)a -J [a- JI x' -Ex - k 0: (.)1

j2

Ha, ai- (-av - Nz) 'b + a z- Eb: -+ " kz0.b

In these equatlons-x, y, and -are the components of the angular momentum of a body in a rectangular special coordinate
system, the first axis of which passes through the centre of mass of the body. and the remaining axes of which _re chosen so
that the kinetic energy of the body will be

T A'(o + i,~ .,- 22) + (b, y + b,: x.

Considering the problem of the motion cf a heavy rigid body with a fixed point as a particular case of a more general4
problem -the problem of the motion of aheavy gyrostat wsith constant gyrostatic moment - Khaiamov[1 10' reduced the
latter to the integration of a system of six ordinary differential equations,

'Soviet Applied Mechanics I11 No. 8(1975) pp 809-8 19
-The numeral2 in square brackets refer to the bibliography at the en-i of 'his Review% The bibliography extends to 149 reference-,, many
in the translation published in 1975 are inaccurate and carry no pagination, further certain works are stated to be in Russian %%hen in fact
English translations exist. The bibliography in this section is fully corrected for readers of English.
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where X. X, and X, are the contpcenris of thj gyrostatic tnent, cons-ant with -espect to the body,

This systensoC _:uafions was trwisforameu [ 1081 to the torra1 (I1.1). Almostl all the results of the clissiccl problemn of the
motion of a lseasy rigi~lbody with A'ssingle fixed Poin, were ex'4nded to :thc piob-.n of'thc motion of a heavy gyrostat.

!pi the ipost general iorin ol Kharlarnova [90], one ot the three principal vai ables x, y, aid z was -Arimiuated in Equations
(1. 1). Howevcr, die estabijished differential eciaation, ',hichb connects the~ two principal variables, is extremely cumbersei,

and is therefore pracavisly useless. Of principal value is the imeegroifferuntial equationi firs, foune by Khariarnova 186,t
whtich is e'quivalent to the sysiecm of differential equations of motion of a heavy rigid body about a fixed poii. This equation
opened many possibilities for firther investigatiors i n the given area. The equation of Kitarlamova was obtained assuming
that in the -prinejoal plrie of thc ellipsoid of gyration for a fixed point, there r,--- the centre of mass of systenl and the
vector of -ie gyrostatic monlent. It, coiect the two eonnponents x and y -)fthe at~gula.- momenttum with respect to the
cocr,,.inate axes belo-ngiog to th~eindicated p!Pane.

Sohaions Obtain -: i e 20t1; :7enturyfor M/c Equations &fMa!ion 4 a Heavy qrostt

We first d'stinguish the Solution with three llnear invariant relations, which wvas s:tudied by Kharlamov[I 1I0,1121. It
deteniiuneo the class of simplest moctions of tb-z body (L niform rotations of the body about a fixed point). A cone fbxed in the
bodv is indicated, and its grnerotriccs can serv'e as axes of uniforn rotation. Thts cone was thoroughuly studied by Anchav 11.
2 lnd Kovalev 145). andti the absence ,f a gyrostatic momnent it was investigated earlier by O.Shtamide and
O.K.Mlodzceeskii. This qwmestin ha., also ticen studied by oth ler authors 162.69.70, 12 1, 1 S. 139, 149.

Th~e eist a niqe sluton ithtwo iinea. ii.,varicit re'ations pivecn by Khcrlar~iov 1104. IC9, 1101, which was obtr-Ine
under the condition that the centre of mass of the gyxostat lie in the principal plane of the inertia ellipsoid. The motion of the
body -o obtaincd is ghci a kinematic interpretation! 1071, A particular case of the given~ solution is the Bobylev- tlv
solution (six the wc-k of V..olc~bev 12!)) and the solution of the proiblem of the motcon of a physical pendulumn.

Th,!ie are f(Mer well-l'.nown solutions" ith a tngle linear invariant relation; these are the solution3 of Lagrange in17138 se
Grioli 'ji28!. Sre-tenskii [73,741, and iXharlamova 1,891.tr

Sr-ccnikH obtained he indicated solution by assuming that the centre of mass of th, yotti pr e dclrtotecrua

cru-ss section of the cli~ps-.d cigyration. A particula r ease of this anlution 0' the solution l,.f Hecss. -, hich asstudied ca'lier
by PA ilakrasov, S.A.Chaplygin, N.E.Zhukovskii lJoukowski), G.GAppe'r-ot. and B.k.Modzevkii. A complete review of

ths suias ,is sivcn i~ithe wourks of Stepanova [76,77). A gotnetricat interprmaf!* of the solutions of L.N.Sreteniskii and
W.Hess viis, g~ven by Kovas.zv j44,,)6-5'.)].

In, 19! 7. G-.ii 1128] obtained a solution %vith a hinele linear inviiant relation. descibiog the regular precession about an
oblique exis. It was ontaied and gianeraiizod by Kliarlamova [89, 92]. In [ 92j the solution of Griohi was investigated oil tlI-c
o asis o. the kine matic equations of Khariamov (113)].

The qaestion of the existence of solutio'ns with linear invarlant i.-lations Y-as first considere by S A.Chaplyggin, and the
results were rc~ned by K;-arlamov [ 1024. These investigaticits were conductedt under the conition that the c-'n~re of mass of
the bosiviH: in the pi incipal plan-- o the ellipsoid ofIyration. anit that the grn. static moment equal zero. The investigation of
the problem of the motion of a heavy rigid body aboat a fixed point %%ith the It p of ,heintegoifrnmleuto
established by Rharlamova [86] allowe-d a romplete solution lo be obtained for the Cue-tion of the cotiditions of existence for
solutions wilts algebraic ivariant relations u~nder certain lmiting assumptions: the centre of mass of the body h~es in 31n0 Of
the prineip-1 planes of the ellipsoid oftgyration, and the gyrostatic niolnent is not zero [,91,9f6!. In this ease the new andJ most
recent solution with z line invariant relation is obtained [89]'. Solutions' 181, 83~. found e arlier by V4 harlania, are a
partiicula: cast! of this solution.

GoryaLWv' !ndicaied a solutinon [321 ir, which, in addition to a quadratic irvairiant relation, there is also a fourth-degree
inva.:fart relation. Kharlamov [1i10, 1111 completely itavestigateld this solution and gave a geomritrical interoretation for the
-notion oi the tody. Mi studies , 105. 110. 1.111 he indicated two s,'ere sohitions. The first solution with two quadratic
invariant relation,- was obtained under the zordition tbi.t the centrc Ut mass lies on one -if the prineipal axes of ineit a, and
the vutor of the ;iydrostatic moment is directed along this axs. The so'utio of Stettlov 52 11 is d particular casesf this

rsolution. The seond solution generaslized the -ase of Kowalc%%ski 11l34). The 'idicated solutions are discussed in the studies
128,29,61.65.6799. 1161.

Chaplyamnin 19-15 j 12011 obtained a solution in which, besidesix quadrntic inv ariant relation, there is also a sixth-de!;rcc
algecbra~c invarizat relation. the gczru-,triaC interpretation of this motion wa_0 gen by Klsarlatoov [1101.

4 A Sohutioni with a quadratic invarant relaion was obtai ned by A.1.Dokshevteh under the condinRon th at in a Lagrang-
gyroscope-thC-gyrostat~c momtent is a rbitrary. T he uniqueness of this soltuio i was showni hy 1(barlamova 194].
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We note three mzare solutions with a quadratic ivariant relation. These are the solutions of Kharlamov [1141, Kharlamov'a
!36. 951, andl Kharlamova and Khiarlnov [I DO]. Paricu~ar questions rcferring :o the given solutions are discussed in the
st--diesf40J, 41.51, 97, I161, 115,11).

The algebraic invariant relations in four solutions- those of Sti-tenskii [73, 74], Dokshevicb .. 421. Mozalevskaya [62, 63],
nd Konasevich and IPozdtikovich [54)-coiitair trms of highcrdegrec. Thus, in the solution of 1,62) there exist two third-

degree algebraic invariant relations, and in the solution of [42'there exist two fourth-degree algebraic invariant relations. The
sots'tiern of [54] i1 very spc~ial in structure:It wvas investigated in [55) using the hodograph nriethod. rhe indicated solutions

wre obtained for very strict constcaints imposed on the mass distribution and on the initial conditions.

Thus, in the ~rbeiof the motion of a litavy gyrostat there exist twenty solutions in closed form, of %hicb three of them had
been found in die 18th and l9th centuries (we bear in mind the solution of L.Euler. generalized by N.E.Zi'ukovskii
(Joukowski), the solution of J.Laorange and S.Kow.-Jewski as discussed by L.V.Kudryashoxa and L.A.Stepanova ini [581

ad by G.N Savin et al in 17 1 1.

Areview of the exact soluticns of thle dynamic equations of the problem being considered wvas given by Kudrya %.v1 an
Stepanova [5SI

comeirical Interpretaeio of M e Mlotion of. R igid Blody a bout a Fixed Point.

ror a longtime the general theorem of Poinsot about the interpretation of the mnotion of abody with a fixed point by means of
t6l rolling without s'ipping ofia moving axoid wvith resprct to a fixed ,txoid was not used because the construction of a fixed
aoid using the Euler ang!--- is a very complicated problem: thi.s is because in the transformnation from a moving system to a

fix~d syneem in thzse parameters we obt~ain cumberseme and nonsymmetrie expressions which hinder the investigation of the
rr) t~ol of the bk dxy. This impasse was overcome by Khariamov [108, 110]. who established new kinaematic equattons of the

fixed hodograpli of the angular velocity.

(0, to)I'1A + W., V- C,V (0 )" + (0, -:

wa Ats'I" V V,

dcoI do,2 dw,

(w. and v are functions of some time-dependent paramteroa

Since it is the directrix of the axoid of thebody. the bodograph of the angular velocity enaoles us to construct this cone and to
rdue the :ivestigte'on of the mozion of a rigid body with a fixed point to the motion of the roiling of a moving axoid -.s th

respc- t a fixed axoid. Using this method, a geometrical interpretation of the motion of a gyru~tat in various eases of
iuegraibilitq is obtained in the studies [24.26, 29-31, 16.,48-50, 51, 55, 61. 63-65, 87. 99. l1t0. 111, 116, 117].

Modi1 n oj'a Rigid Bods with a Fixed Point inn Ptential force Field.

First, we should note the studics of Goryachev 134-361, in which solutions are constructed for the problem of the nmotion of a
t'ody in a potential foree iheld under the condition that the forces acting on the body admit a forte function U. The question
dealing with the search for the Ifunction U, in such a form that the equations of motion ad-nit integrals of definite form. ts

-oved. A i.1etai "; re-iew of these solutions has been given by Stepanova [75].

irecent years. there has been i icreased interest in the problem of the motion of a rigid body in a Newtonian force field,
formulated by L.Eilecr back in tile 18th Century. in connection with investigations of the motions of artificial satellites. In
caculations ofihe rotat~onal motions of gyroscopes and satellites, the gravitational field amost aisvavs is assumed to be

homogeneous. 'this; assu'mption is inadmissiblt? in more exact investigations in which the forces of Newvtonian attraction must
be taken into account.

Bclutskii [12-1 45 has considered this problem under tfie assumption that a fixed point is found at a sufficienitly large distanee.
icomparison wvith the dimensions of the body, from the centre of attraction. Under these coaditions on the ba+i of the

general theory of Goryachev [34], approximate equations of motion, which generalize the equlations of the classical In oblcm-I
of the motion of a heavy rigid body about a fixed point, ared&uived. Beletskii has shown that the problem being considered is

fitnalty solved if the body has complete kinetic symmetry, and also in cases similar to the cases of -Culer and Lagrange. Hu Imns
rduced the problem to quadratures and given its complete solution for the case of planermotion. Int 1.3-15! he has

cosdered the indicated problem for the case in which tht! firce field is synmnetric with respect to some axis.

A series of studies by Arkbhaagel'skii [6-101 refierring to the indicated problem are devoted to dhe determination of the
conditions for existence of a fourth algebraic integral and the construction of solutions in ;,hi -he principal parameters are
sngle-valued funictions of the complex variable t. in thesestudies it is shown that the soiations of the equations of motion of

the body are single-valued functions of time only if the body is fixed at the centre o! mass or hes dynamic symmetryabo'tt 4;-
one of th principal axes of inertia, and the centre of mass of the body lies on this axis.

Important results i the development of the given problem have been obtainied by Kharlamova and Ko-.al~va [98], 'ho
crstructed dynaraic equations of the problem of the motion in a Newtonian force field of a systemt of rigid bodies having lt 0
-;Iucture of a gyrostat:
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Ajoi- tl Az) w~,, + X)o~(03~ -V.A ,i +

A j', A ,)v .A3 -(A *v . + A:
4
.v, + A*s vi-t,

v;. - cj, - ,3

For tic earnthi, int which thetensors Rial ;P that arise '2 thit eoleulati'rn of the angular rnomear- andl t 0 mnom-.nt of the

Newta ian fcorce field coincid~n ilia j5v*O rott mome1A OqUMl Zei C. these untons zSte simptied:

tiul (At. A.droW-W - 1E (is, - v )r 3"2 rp r.'0(.2.3).

For the conditiei iM which the r nbors -Nand AM itlidf-,Khat.Ird..a - ; ubrnid e~xactsolt-tionsof syst~in- (r1 siiilar to
the case of Lagrange in;egrabilit'. a i te problem of the motins of a phys':fl oz~odulum. She determined a ne;X caste of
ifegiability fox the c'nrrlitia ns

0.1 fit 0,A= h+C.3 + C)cW = (B. + Ov

Kovaleva 152) solvel the qt.!:sin of 'he- onditions of existence of the solutions of systein (. with linear invariant relations.

In ijO case of the establishment of de'rmPte constraints on the parameters of the system in the sonation of Xharlamova [85].
(ioreJ22. 23, 25,271 investigated mnovingaL-d 5ixed hiodagraphs of the angular velocity ad gaie a geometricel interpretation
"or'ahe motion ofthe btov.

04ttte of thW 3,6dies of Kilarlarmova 182 Y,41 re devoted to the construction cf exact solutions of sy'temn (2.2). A complete
review of these investilations i; given in the~ Priie by Kudiyashcva and Stepanova i7"

The first ce ._rimn*n en the forniaar of tr"z problent of the rotatian of a riszid body aiuta fixed point in the IEule:. case in
thep pes.-nco- of neniholonomie eouplipamas conducted by Susloy 178 Voronets 19'. and Vaener 1181. who did not impose
ar.y coristraints on the nsoniets ofieroia of -te body, but assumed that ti.- ceoPre of m'ass of the hodly co' Mcides with the
fixed point.

Ralizaton of the nonhoionomr c con~iwnn 5, 0 - Suslov is c~rricd out such that the bodv is connected to a filament, which
does not yield under toron: the other cnd cf .he filament is rigialy fured. %~here, the tnsigent to t.he Malamett L.:th poin~t at

whih te flamnt t fsteed o te b.O~pases hrogh a fixed poit 0. Under this condition the instaqtaneous axis o!
rotation of the body is in a pufme that ts permanently coupled wih the body, passing through the poit Opm pend-cular to the
ir-Jicated tangent.

'Vagner proposed another realizaion a nonhoinmic constraint (a rigidi bodyprosided viith two small wheels with shtarp ribs
lying in a Ain ge plane).

iKzce-ay. qa.unbr of studiest-43. 666 .79,0 .9 3.115,1 18) b' appearcd, which re &voted to' the study of problems of
the motiOn of a hejvy riftd b-L with a fixed print in the presence of additioral cOqstraints.

The tiicipal resuiks in the,~ dif~ccziun werec obrained in the studies of Khalansov. Kharlamiov-a n~e Zahelina. and
Moledvsk~ya [43. 61 -7, 8C.g I' 1 .18-

In 1957, Zabelina 1,42" it ,esugated the indicated problem under the conithion that th- -cnre of siasm of the body be iound in
the priticipal plante of the inrr ia tellipsoid with respect to its point of support, not coainciding with the fixed point of the body,
and wift ccount c. the action cf gravitationat ore.Tenmhloi constraint in ths investistation c,.n be reAized
either basedC on the nficthtod of Suslov or the marthod of Vagner. The case of intce-~iiti jfon byapyngteteoysh
reducingfactor of Chpyi.wihh ~ pdfor an itivestigotion of tonholonmic sstcms.

In the study of iMtai lartiva-Zabelina SnO '-a tionhloinoni constraint:; is assumed tollbe realized such that thz instaptoneotis
axsof rotation. ofivb!ny throuejsoili the entire inotion does not leave sorate spe-ific plane permaiseatly fixed in the body.

tURmn~t d nrwhod propoced by StretenO. Kharlarnova-Zabetina cousi,!crs the case of rapid rotation of a body and prctents a
lctailcd invsiation of tlc trajectrr ef the zapexwhich enables o~ie to construe; an explicit f-eometrical representation

dealing v-ili tfrymotiir of the body &o tie giver sonbiolonomticconstr~int.

Thz, probleak of the rotation of a tigid bods abut a fixed point ref trained by a nunholionns constraint can b-- extended to
the care of a heavy Ayrosiat Suc'i an extension was obtine;d by Khariarnev and Kowvayn -.5The nonholonomic
constanhere is accompli1We .15a result of pore rolling o~a body-c~.rrtcr having a fitEW poin; and shprp circular ribs over a
fitro'J surface of a hollow sphetscidcof which thegyrostat is placed. Usicg th. theoremr of the variation of the kinetic
moment. die author ousnicts dynamic equatioins of motion of the gyrostt toUlch dre equatin of nionholonornic
constraint is rdild-These equations are- eastly solved in the simplest case of uniformirotation of a Ixidly-eanier.

_________________5:



lhe problem of the motion of a heavy gyrostat is investigated by Kharlamova 1931 under the assumption that the centre of
- mass of the gyrostat coincides vath the fixed point of the body-carrier. An exact solution is obtaincd and the moving

hodograph of the angular ve!ocity of the body is investigated. The case investigated by Vagnar 1181 and earlier by Suslov j781
is aphrticularcease of the indicated solution. in reference I 1181a solution of this prolem wsith an invariant relation that is
linear with respect tow,~ and (o, is given. This solution is a gcneralization of a number of known solutions of the indicated
problem, found earlier by Bobylv d Steklov 1211. and KhiarlamovatZabelina [43801. As was determned by
Mozaievskaya 1661, the solution with a linear invariant relation that was found by Kharlamov and Kharlamova in 11181 is the

- only solution of this kind.

A review of studies of the problem beip- considered in the presence of nontholonomic coupling is given in references 159 and
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